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Fore-word 




HE rapid evolution of constructive methods in recent 
!|2». years, as illustrated in the use of steel and concrete, 
and the increased size and complexity of buildings, 
has created the necessityforan authority which shall 
embody accumulated experience and approved practice along a 
vaiiety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to fill this acknowledged 
need. 

C There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is today as much out of place on important work as 
the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, ElectricWinng, 
and, in fact, all other trades employed in the erection of a build- 
ing; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

C, Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 
expert, but one that will commend itself also to the beginner 



and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the Building Indus- 
try as well. The various sections have been prepared especially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl- 
edge and make it a permanent possession. The illustrations 
have been selected with unusual care to elucidate the text. 

H The work will be found to cover many important topics on 
which little information has heretofore been available. This is 
especially apparent in such sections as those on Steel Construc- 
tion; Reinforced Concrete Construction; Building Superintend- 
ence; Estimating; Contracts and Specifications, including the 
principles and methods of awarding and executing Government 
contracts; and Building Law. 

H In conclusion, grateful acknowledgment is due the staff of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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HEATING AND VENTILATION 

PART I 



SYSTEMS OF WARMINQ 

Any system of wanning must include, "firstj the combustion 
of fuel, which may take place in a fireplace, stove, or furnace, or a 
steam, or hot-water boiler; second, a system of transmission, by means 
of which the heat may be carried, with as little loss as possible, to the 
place where it is to be used for warming; and third, a system of dif- 
fusion, which will convey the heat to the air in a room, and to its 
walls, floors, etc., in the most economical way. 

Stoves. The simplest and cheapest fonn of heating is the stove. 
The heat is diffused by radiation and convection directly to the objects 
and air in the room, and no special system of transmission is required. 
The stove is used largely in the country, and is especially adapted 
to the warming of small dwelling-houses and isolated rooms. 

Furnaces. Next in cost of installation and in simplicity of 
operation, is the hot-air furnace. In this method, the air is drawn 
over heated surfaces ai)d then transmitted through pipes, while at 
a high temperature, to the rooms where heat is required. Furnaces 
are used largely for warming dwelling-houses, also churches, halls, 
and schoolhouses of small size. They are more costly than stoves, 
but have certain advantages over that form of heating. They require 
less care, as several rooms may be warmed from a single furnace; 
and, being placed in the basement, more space is available in the 
rooms above, and the dirt and litter connected with the care of a stove 
are largely done away with. They require less care, as only one fire 
is necessary to warm all the rooms in a house of ordinary size. One 
great advantage in the furnace method of warming comes from the 
constant supply of fresh air which is required to bring the heat into 
the rooms. While this is greatly to be desired from a sanitary stand- 
point, it calls for the consumption of a larger amount of fuel than 
would otherwise be necessary. This is true because heat is required 
to warm the fresh air from out of doors up to the temperature of the 
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2 HEATING AND VENTILATION 

rooms, in addition to replacing the heat lost by leakage and conduction 
through walls and windows. 

A more even temperature may be maintained with a furnace 
than by the use of stoves, owing to the greater depth and size of the 
fire, which allows it to be more easily controlled. 

When a building is placed in an exposed location, there is often 
difficulty in warming rooms on the north and west sides, or on that 
side toward the prevailing winds. This may be overcome to some ex- 
tent by a proper location of the furnace and by the use of extra large 
pipes for conveying the hot air to those rooms requiring special at- 
tention. 

Direct Steam. Direct steam, so called, is widely used in all 
classes of buildings, both by itself and in combination with other 
systems. The first cost of installation is greater than for a furnace; 
but the amount of fuel required is less, as no outside air supply is 
necessary. If used for warming hospitals, schoolhouses, or other 
buildings where a generous supply of fresh air is desired, this method 
must be supplemented by some form of ventilating system. 

One of the principal advantages of direct steam is the ability 
to heat all rooms alike, regardless of their location or of the action 
of winds. 

When compared with hot-water heating, it has still another 
desirable feature — ^which is its freedom from damage by the freezing 
of water in the radiators when closed, which is likely to happen in 
unused rooms during very cold weather in the case of the former 
system. 

On the other hand, the sizes of the radiators must be proportioned 
for warming the rooms in the coldest weather, and unfortunately 
there is no satisfactory method of regulating the amount of heat in 
mild weather, except by shutting off or turning on steam in the radia- 
ators at more or less frequent intervals as may be required, unless one 
of the expensive systems of automatic control is employed. In large 
rooms, a certain amount of regulation can be secured by dividing 
the radiation into two or more parts, so that different combinations 
may be used under varying conditions of outside temperature. If 
two radiators are used, their surface should be proportioned, when 
convenient, in the ratio of 1 to 2, in which case one-third, two-thirds, 
or the whole power of the radiation can be used as desired. 
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HEATING AND VENTILATION 3 

Indirect Steam. This system of heating combines some of the 
advantages of both the furnace and direct steam, but is more costly 
to install than either of these. The amount of fuel required is about 
the same as for furnace heating, because in each case the cool fresh 
air must be warmed up to the temperature of the room, before it can 
become a medium for conveying heat to offset that lost by leakage 
and conduction through walls and windows. 

A system for indirect steam may be so designed that it will supply 
a greater quantity of fresh air than the ordinary form of furnace, in 
which case the cost of fuel will of course be increased in proportion to 
the volume of air supplied. Instead of placing the radiators in the 
rooms, a special form of heater is supported near the basement ceiling 
and encased in either galvanized iron or brick. A cold-air supply 
duct is connected with fhe space below the heater, and warm air pipes 
are taken from the top and connected with registers in the rooms to 
be heated the same as in the case of furnace heating. 

A separate stack or heater may be provided for each register if 
the rooms are large; but, if small and so located that they may be 
reached by short nms of horizontal pipe, a single heater may serve 
for two or more rooms. 

The advantage of indirect steam over furnace heating comes from 
the fact that the stacks may be placed at or near the bases of the flues 
leading to the different rooms, thus doing away with long, horizontal 
runs of pipe, and counteracting to a considerable extent the effect of 
wind pressure upon exposed rooms. Indirect and direct heating are 
often combined to advantage by using the former for the more import- 
ant rooms, where ventilation is desired, and the latter for rooms more 
remote or where heat only is required. 

Another advantage is the large ratio between the radiating sur- 
face and grate-area, as compared with a furnace; this results in a large 
volume of air being warmed to a moderate temperature instead of a 
smaller quantity being heated to a much higher temperature, thus 
giving a more agreeable quality to the air and rendering it less dry. 

Indirect steam is adapted to all the buildings mentioned in con- 
nection with furnace heating, and may be used to much better advan- 
tage in those of large size. This applies especially to cases where 
more than one furnace is necessary; for, with steam heat, a single 
boiler^ or a battery of boilers, may be made to supply heat for a build- 
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4 HEATING AND VENTILATION 

ing of any size, or for a group of several buildings, if desired, and is 
much easier to care for than several furnaces widely scattered. 

Direct-Indirect Radiators. These radiators are placed in the 
room the same as the ordinary direct type. The construction is such 
that when the sections are in place, small flues are formed between 
them; and air, being admitted through an opening in the outside wall, 
passes upward through them and becomes heated before entering the 
room. A switch damper is placed in the casing at the base of the 
radiator, so that air may be taken from the room itself instead of 
from out of doors, if so desired. Radiators of this kind are not used 
to any great extent, as there is likely to be more or less leakage of cold 
air into the room around the base. If ventilation is required, it is 
better to use the regular form of indirect heater with flue and register, 
if possible. It is sometimes desirable to parti&lly ventilate an isolated 
room where it would be impossible to run a flue, and in cases of this 
kind the direct-indirect form is often useful. 

Direct Hot Water. Hot water is especially adapted to the warm- 
ing of dwellings and greenhouses, owing to the ease with which the 
temperature can be regulated. When steam is used, the radiators are 
always at practically the same temperature, while with hot water the 
temperature can be varied at will. A system for hot-water heating 
costs more to install than one for steam, as the radiators must be larger 
and the pipes more carefully run. On the other hand, the cost of 
operating is somewhat less, because the water need be carried only at 
a temperature sufficiently high to warm the rooms properly in mild 
weather, while with steam the building is likely to become overheated, 
and more or less heat wasted through open doors and windows. 

A comparison of the relative costs of installing and operating hot- 
air, steam, and hot-water systems, is given in Table I. 

TABLE I 
Relative Cost of Heatins: Systems 



• 


Hot Air 


Steam 


Hot Water 


Relative cost of apparatus 

Relative cost, aaaing repairs and fuel 

for five years 
Relative cost, adding repairs and fuel for 

fifteen years 


9 
29i 
81 


13 

29J 

63 


15 
27 
52J 
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HEATING AND VENTILATION 6 

One disadvantage in the use of hot water is the danger from 
freezing when radiators are shut off in unused rooms. This makes 
it necessary in very cold weather to have all parts of the system turned 
on sufficiently to produce a circulation, even if very slow. This is 
sometimes accomplished by drilling a very small hole (about ^ inch) 
in the valve-seat, to that when closed there will still be a very slow 
circulation through the radiator, thus preventing the temperature of 
the water from reaching the freezing point. 

Indirect Hot Water. This is used under the same conditions as 
indirect steam, but more especially in the case of dwellings and hospi- 
tals. When applied to other and larger buildings, it is customary to 
force the water through the mains by means of a pump. Larger 
heating stacks and supply pipes are required than for steam; but the 
arrangement and size of air-flues and registers are practically the 
same, although they are sometimes made slightly larger in special cases. 

Exhaust Steam. Exhaust steam is used for heating in connection 
with power plants, as in shops and factories, or in office buildings 
which have their own lighting plants. There are two methods of 
using exhaust steam for heating purposes. One is to carry a back 
pressure of 2 to 5 pounds on the engines, depending upon the length 
and size of the pipe mains ; and the other is to use some form of vacuum 
system attached to the returns or air-valves, which tends to reduce 
the back pressure rather than to increase it. 

Where the first method is used and a back pressure carried, either 
the boiler pressure or the cut-off of the engines must be increased, to 
keep the mean effective pressure the same and not reduce the horse- 
power delivered. In general it is more economical to utilize the ex- 
haust steam for heating. There are instances, however, where the 
relation between the quantities of steam required for heating and for 
power are such — especially if the engines are run condensing — that 
it is better to throw the exhaust away and heat with live steam. 
Where the vacuiim method is used, these difficulties are avoided; and 
for this reason that method is coming into quite common use. 
If the condensation from the exhaust steam is returned to the 
boilers, the oil must first be removed; this is usually accomplished by 
passing the steam through some form of grease extractor as it leaves 
the engine. The water of condensation is often passed through a 
separating tank in addition to this, before it is deli /ered to the return 
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pumps. It is better, however, to remove a portion of the oil before 
the steam enters the heating system ; otherwise a coating will be formed 
upon the inner surfaces of the radiators, which will reduce their 
efficiency to some extent. 

Forced Blast. This method of heating, in different forms, is 
used for the warming of factories, schools, churches, theaters, halls — 
in fact, any large building where good ventilation is desired. The 
air for warming is drawn or forced through a heater of special design, 
and discharged by a fan or blower into ducts which lead to registers 
placed in the rooms to be warmed. The heater is usually made up in 
sections, so that steam may be admitted to or shut off from any section 
independently of the others, and the temperature of the air regulated 
in this manner. Sometimes a by-pass damper is attached, so that 
part of the air will pass through the heater and part around or over it; 
in this way the proportions of cold and heated air may be so adjusted 
as to give the desired temperature to the air entering the rooms. These 
forms of regulation are common where a blower is used for warming 
a single room, as in the case of a church or hall; but where several 
rooms are warmed, as in a schoolhouse. it is customary to use the 
main or primary heater at the blower for warming the air to a given 
temperature (somewhat below that which is actually required), and 
to supplement this by placing secondary coils or heaters at the bottoms 
of the flues leading to the different rooms. By means of this arrange- 
ment, the temperature of each room can be regulated independently 
of the others. The so-called double-diict system is sometimes employed. 
In this case, two ducts are carried to each register, one supplying hot 
air and the other cold or tempered air; and a damper for mixing these 
in the right proportions is placed in the flue, below the register. 

Electric Heating. Unless electricity can be produced at a very 
low cost, it is not practicable for heating residences or large buildings. 
The electric heater, however, has quite a wide field of applicatioji in 
heating small offices, bathrooms, electric cars, etc. It is a convenient 
method of warming isolated rooms on cold mornings, in late spring and 
early fall, when the regular heating apparatus of the building is not in 
operation. It has the advantage of being instantly available, and the 
amount of heat can be regulated at will. Electric heaters are clean, 
do not vitiate the air, and are easily moved from place to place. 
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PRINCIPLES OF VENTILATION 

Closely connected with the subject of heating is the prcblem of 
maintaining air of a certain standard of purity in the various buildings 
occupied. 

The introduction of pure air can be done properly only in con- 
nection with some system of heating; and no system of heating is 
complete without a supply of pure air, depending in amount upon the 
kind of building and the purpose for which it is used. 

Composition of the Atmosphere. Atmospheric air is not a simple 
substance but a mechanical mixture. Oxygen and nitrogen, the 
principal constituents, are present in very neariy the proportion of one 
part of oxygen to four parts of nitrogen by weight. Carbonic acid gas, 
the product of all combustion, exists in the proportion of 3 to 5 parts 
in 10,000 in the open country. Water in the form of vapor, varies 
greatly with the temperature and with the exposure of the air to open 
bodies of water. In addition to the above, there are generally present, 
m variable but exceedingly small quantities, ammonia, sulphuretted 
hydrogen, sulphuric, sulphurous, nitric, and nitrous acids, floating 
organic and inorganic matter, and local impurities. Air also contains 
ozone, which is a peculiarly active form of oxygen; and lately another 
constituent called argon has been discovered. 

Oxygen is the most important element of the air, so far as both 
heating and ventilation are concerned. It is the active element in the 
chemical process of combustion and also in the somewhat similar 
process which takes place in the respiration of human beings. Taken 
into the lungs, it acts upon the excess of carbon in the blood, and pos- 
sibly upon other ingredients, forming chemical compounds which are 
thrown off in the act of respiration or breathing. 

Nitrogen, The principal bulk of the atmosphere is nitrogen, 
which exists uniformly diffused with oxygen and carbonic acid gas. 
This element is practically inert in all processes of combustion or 
respiration. It is not affected in composition, either by passing through 
a furnace during combustion or through the lungs in the process of 
respiration. Its action is to render the oxygen less active, and to 
absorb some part of the heat produced by the process of oxidation. 

Carbonic acid gas is of itself only a neutral constituent of the 
atmosphere, like nitrogen ; and — contrary to the general impression — 
its presence in moderately large quantities (if uncombined with other 
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substances) is neither disagreeable nor especially harmful. Its 
presence, however, in air provided for respiration, decreases the readi- 
ness with which the carbon of the blood unites with the oxygen of the 
air; and therefore, when present in sufficient quantity, it may cause 
indirectly, not only serious, but fatal results. The real harm of a 
vitiated atmosphere, however, is caused by the other constituent 
gases and by the minute organisms which are produced in the process 
of respiration. It is known that these other impurities exist in fixed 
proportion to the amount of carbonic acid present in an atmosphere 
vitiated by respiration. Therefore, as the relative proportion of 
carbonic acid can easily be determined by experiment, the fixing of a 
standard limit of the amount in which it may be allowed, also limits the 
amounts of other impurities which are found in combination with it. 

When carbonic acid is present in excess of 10 parts in 10,000 
parts of air, a feeling of weariness and stuffiness, generally accompanied 
by a headache, will be experienced; while with even 8 parts in 10,000 
parts a room would be considered close. For general considerations 
of ventilation, the limit should be placed at 6 to 7 parts in 10,000, thus 
allowing an increase of 2 to 3 parts over that present in outdoor air, 
which may be considered to contain four parts in 10,000 under ordi- 
nary conditions. 

Analysis of Air. An accurate qualitative and quantitative 
analysis of air samples can be made only by an experienced chemist. 
There are, however, several approximate methods for determining 
the amount of carbonic acid present, which are sufficiently exact for 
practical purposes. Among these the following is one of the simplest : 

The necessary apparatus consists of six clean, dry, and tightly 
corked bottles, containing respectively 100, 200, 250, 300, 350, and 400 
cubic centimeters, a glass tube containing exactly 15 cubic centimeters 
to a given mark, and a bottle of perfectly clear, fresh limewater. The 
bottles should be filled with the air to be examined by means of a hand- 
ball syringe. Add to the smallest bottle 15 cubic centimeters of the 
limewater, put in the cork, and shake well. If the limewater has a 
milky appearance, the amount of carbonic acid will be at least 16 
parts in 10,000. If the contents of the bottle remain clear, treat the 
bottle of 200 cubic centimeters in the same manner; a milky appear- 
ance or turbidity in this would indicate 12 parts in 10,000. In a 
similar manner, turbidity in the 250 cubic centimeter bottle indicates 
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10 parts in 10,000; in the 300, 8 parts; in the 350, 7 parts; and in the 
•400, less than 6 parts. The ability to conduct more accurate analyses 
can be attained only by special study and a knowledge of chemical 
properties and of methods of investigation. 

Another method similar to the above, makes use of a glass 
cylinder containing a given quantity of limewater and provided with a 
piston. A sample of the air to be tested is drawn into the cylinder by 
an upward movement of the piston. The cylinder is then thoroughly 
shaken, and if the limewater shows a milky appearance, it indicates 
a certain proportion of carbonic acid in the air. If the limewater 
remains clear, the air is forced out, and another cylinder full drawn in, 
the operation being repeated until the limewater becomes milky. 
The size of the cylinder and the quantity of limewater are so propor- 
tioned that a change in color at the first, second, third, etc., cylinder 
full of air indicates different proportions of carbonic acid. This test 
is really the same in principle as the one previously described ; but the 
apparatus used is in more convenient form. 

Air Required for Ventilation. The amount of air required to 

maintain any given standard of purity can very easily be determined, 

provided we know the amount of carbonic acid given off in the process 

of respiration. It has been found by experiment that the average 

production of carbonic acid by an adult at rest is about .6 cubic foot 

per hour. If we assume the proportion of this gas as 4 parts in 10,000 

in the external air, and are to allow 6 parts in 10,000 in an occupied 

room, the gain will be 2 parts in 10,000; or, in other words, there will 

2 
be ^^^^ = .0002 cubic foot of carbonic acid mixed with each cubic 

foot of fresh air entering the room. Therefore, if one person gives 
off .6 cubic foot of carbonic acid per hour, it will require .6 -^ .0002 
= 3,000 cubic feet of air per hour per person to keep the air in the 
room at the standard of purity assumed — that is, 6 parts of carbonic 
acid in 10,000 of air. 

Table II has been computed in this manner, and shows the 
amount of air which must be introduced for each person in order to 
maintain various standards of purity. 

While this table gives the theoretical quantities of air required 
for different standards of purity, and may be used as a guide, it will be 
better in actual practice to use quantities which experience has shown 
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to give good results in different types of buildings. In auditoriums 
where the cubic space per individual is large, and in which the atmos- 
phere is thoroughly fresh before the rooms are occupied, and the 
occupancy is of only two or three hours' duration, the air-supply may 
be reduced somewhat from the figures given below. 

TABLE II 
Quantity of Air Required per Person 



Standard Parts of CARBO^nc 


Cubic Feet of Air Required per Person 


Acid in 10,000 of Air 




IN Room 


Per Minute 


Per Hour 


5 


100 


6,000 


6 


50 


3,000 


7 


33 


2,000 


8 


25 


1,500 


9 


20 


1,200 


10 


16 


1,000 



Table III represents good modem practice and may be used 
with satisfactory results: 

TABLE III 
Air Required for Ventilation of Various Classes of Buildings 



Air-Supply per Occupant for 


Cubic Feet per 
Minute 


Cubic Feet per. 
Hour 


Hospitals 

High Schools 

Grammar Schools 

Theaters and Assembly Halls 

Churches 


80 to 100 

50 

40 

25 

20 


4, 800 to 6, 000 

3,000 

2,400 

1,500 

1,200 



When possible, the air-supply to any given room should be based 
upon the number of occupants. It sometimes happens, however, 
that this information is not available, or the character of the room is 
such that the number of persons occupying it may vary, as in the case 
of public waiting rooms, toilet rooms, etc. In instances of this kind, 
the required air-volume may be based upon the number of changes 
per hour. In using this method, various considerations must be taken 
into account, such as the use of the room and its condition as to crowd- 
ing, character of occupants, etc. In general, the following will be 
found satisfactory for average conditions : 
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TABLE IV 
Number of Changes of Air Required In Viulous Rooms 



Ubb of Room 


CHAKQEa or AlB FEB HoWB 


Public Waiting Room 


4 to 5 




5" 6 




4 " 5 




3" 4 


Offices, PubUc 


4 " 5 


Offices, Private 


3" 4 


PubUc Dining Rooms 


4" 5 


Living Rooms 


3" 4 






Libraries, Private 


3 " 4 



Force for Moving Air. Air is moved for ventilating purposes in 
two ways: (1) by expansion due to heating; (2) by mechanical means. 
The effect of heat on the air is to increase its volume and therefore 
lessen its density or weight, so that it tends to rise and is replaced by 
the colder air below. The available force for moving air obtained in 
this way is very small, and is quite Hkely to be overcome by wind or 
external causes. It will be found in general that the heat used for 
producing velocity in this manner, when transformed into work in 
the steam engine, is greatly in 
excess of that required to pro- 
duce the same effect by the use of 
a fan. 

Ventilation by mechanical 
means is performed either by 
pressure or by suction. The for- 
mer is used for delivering fresh air 
into a building, and the latter for 
removing the foul air from it. 

By both processes the air is moved Fig. l. common Form or AnemomeMr. for 

... . 1 . . . Measuring Velocity or Alr-Curreots. 

Without change m temperature, 

and the force for moving must be sufficient to overcome the effects 
of wind or changes in outside temperature. Some form of fan is used 
for this purpose. 

Measur^nents of Velocity. The velocity of air in ventilating 
ducts and flues is measured directly by an instrument called an ane- 
mometer. A common form of this instrument is shown in Fig. 1. It 
consists of a series of flat vanes attached to an axis, and a series of dials. 
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The revolution of the axis causes motion of the hands in proportion to 
the velocity of the air, and the result can be read directly from the dials 
for any given period. 

For approximate results the anemometer may be slowly moved 
across the opening in either vertical or horizontal parallel lines, so 
that the readings will be made up of velocities taken from all parts of 
the opening. For more accurate work, the opening should be divided 
into a number of squares by means of small twine, and readings taken 
at the center of each. The mean of these readings will give the 
average velocity of the air through the entire opening. 

AIR DISTRIBUTION 

The location of the air inlet to a room depends upon the size of 
the room and the purpose for which it is used. In the case of living 
rooms in dwelling-houses, the registers are placed either in the floor 
or in the wall near the floor; this brings the warm air in at the coldest 
part of the room and gives an opportunity for warming or drying the 
feet if desired. In the case of schoolrooms, where large volumes of 
warm air at moderate temperatures are required, it is best to discharge 
it through openings in the wall at a height of 7 or 8 feet from the floor; 
this gives a more even distribution, as the warmer air tends to rise and 
hence spreads uniformly under the ceiling; it then gradually displaces 
other air, and the room becomes filled with pure air without sensible 
currents or drafts. The cooler air sinks to the bottom of the room, and 
can be taken off through ventilating registers placed near the floor. 
The relative positions of the inlet and outlet are often governed to 
some extent by the building construction; but, if possible, they should 
both be located in the same side of the room. Figs. 2, 3, and 4 show 
conmion arrangements. 

The vent outlet should always, if possible, be placed in an inside 
wall; otherwise it will become chilled and the air-flow through it will 
become sluggish. In theaters and churches which are closely packed, 
the air should enter at or near the floor, in finely-divided streams; and 
the discharge ventilation should be through openings in the ceiling. 
The reason for this is the large amount of animal heat given off from 
the bodies of the audience; this causes the air to become still further 
heated after entering the room, and the tendency is to rise continuously 
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from floor to ceiling, thus carrying away all impurities from respiration 
as fast as they are given off. 

All audience halls in which the occupants are closely seated should 
be treated in the same manner, when possible. This, however, can- 
not always be done, as the seats are often made removable so that the 
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Diagrams Showing Relative Positions of Air Inlets and Outlets as Commonly Arrang^. 

floor can be used for other purposes. In cases of this kind, part of 
the air may be introduced through floor registers placed along the outer 
aisles, and the remainder by means of wall inlets the same as for school- 
rooms. The discharge ventilation should be partly through registers 
near the floor, supplemented by ample ceiling vents for use when the 
hall is crowded or the outside temperature high. 

The matter of air-velocities, size of flues, etc., will be taken up 
under the head of "Indirect Heating." 

HEAT LOSS FROM BUILDINGS 

A British Thermal Unity or B. T. U., has been defined as the 
amount of heat required to raise the temperature of one pound of 
water one degree F. This measure of heat enters into many of the 
calculations involved in the solving of problems in heating and ventila- 
tion, and one should familiarize himself with the exact meaning of 
the term. 

Causes of Heat Loss. The heat loss from a building is due to 
the following causes: (1) radiation and conduction of heat through 
walls and windows; (2) leakage of warm air around doors and win- 
dows and through the walls themselves; and (3) heat required to warm 
the air for ventilation. 

Loss through Walls and Windows. The loss of heat through 
the walls of a building depends upon the material used in construction 
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TABLE V 

Heat Losses fn B. T. V. per Square Foot of Surface per Hour— 

Southern Exposure 



8-in. Brick WaU 

12-in. Brick Wall 

16-in. Brick Wall 

20-in. Brick Wall 

24-in. Brick Wall 

28-in. Brick Wall 

32-in. Brick Wall 

Single Window 

Double Window 

Single SkylJEht 

Double Skylight 

1-in. WoodcD Door. 

2-in. Wooden Door 

2-ln, Solid Plaster Partition 

3-in. Solid Plaster Partition 

Concrete Floor on Brick Arch . . , 
Wood Floor on Brick Arch. . . . 

Double Wood Floor 

Walls of Ordinary Wooden 
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For solid stone walU, multiply the figures for brick of the same thickness 
by 1 .7. Where rooms have a cold ailic above or cellar beneath, multiply the 
heat loB3 through walls and windows by 1 .1. 

Correction for Leakage, The figures given in the above table apply only 
to the most thorough construction. For the average well-built houBe, the 
results should be increased about 10 per cent; for fairly good construction, 
20 per cent; and for poor construction, 30 per cent. 

Table V applies only to a southern exposure; for other exposures multi- 
ply the heat loss given in Table V by the factors given in Table VI. 

of the wall, the thickness, the number of layers, and the difference 
between the inside and outside temperatures. The exact amount of 
heat lost in this way is very difficult to determine theoretically, hence 
we depend principally on the results of experiments. 

Loss by Air-Leakage. The leakage of air from a room varies 
from one to two or more changes of the entire contents per hour, 
depending upon the construction, opening of doors, etc. It is com- 
mon practice to allow for one change per hour in well-constructed 
buildings where two walls of the room have an outside CKposure. As 
the amount df leakage depends upon the extent of exposed wall and 
window surface, the simplest way of providing for this is to increase 
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TABLE VI 
Factors for Calculating; Heat Loss for Other than Southern Exposures 



Exposure 


Factor 


N. 


1.32 


E. 


1.12 


S. 


1.0 


w. 


1.20 


N.E. 


1.22 


N.W. 


1.26 


S.E. 


1.06 


S.W. 


1.10 


N., E., S., and W., or total exposure 


1.16 



the total loss through walls and windows by a factor depending upon 
the tightness of the building construction. Authorities diflFer con- 
siderably in the factors given for heat losses, and there are various 
methods for computing the same. The figures given in Table V have 
been used extensively in actual practice, and have been found to give 
good results when used with judgment. The table gives the heat losses 
through diflFerent thicknesses of walls, doors, windows, etc., in B. T. 
U., per square foot of surface per hour, for varying diflFerences in inside 
and outside temperatures. 

In computing the heat loss through walls, only those exposed to 
the outside air are considered. 

In order to make the use of the table clear, we shall give a num- 
ber of examples illustrating its use: 

Example 1. Assuming an inside temperature of 70°, what will be the 
heat loss from a room having an exposed wall surface of 200 square feet and a 
glass surface of 50 square feet, when the outside temperature is zero? The 
wall is of brick, 16 inches in thickness, and has a southern exposure; the win- 
dows are single; and the construction is of the best, so that no account need 
be taken of leakage 

We find from Table V, that the factor for a 16-inch brick wall 
with a diflFerence in temperature of 70° is 19, and that for glass (single 
window) under the same condition is 85; therefore, 

Loss through walls = 200 X 19 = 3,800 
Loss through windows = 50 X 85 = 4,250 



Total loss per hour = 8,050 B. T. U. 

Example 2. A room 15 ft. square and 10 ft. high has two exposed walls, 
one toward the north, and the other toward the west. There are 4 windows, 
each 3 feet by 6 feet in size. The two in the north wall are double, while the 
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other two are single. The walls are of brick, 20 inches in thickness. With an 
inside temperature of 70°, what will be the heat loss per hour when it is 10® 
below zero? 

Total exposed surface = 15 X 10 X 2 = 300 
Glass surface = 3X 6X4= 72 



Net wall surface = 228 

Difference between inside and outside temperature 80®. 
Factor for 20-inch brick wall is 18. 
Factor for single window is 93. 
Factor for double window is 62. 
The heat losses are as follows: 

Wall, 228 X 18 = 4,104 

Single windows, 36 X 93 = 3,348 

Double windows, 36 X 62 = 2,232 



9,684 B.T.U. 
As one side is toward the north, and the other toward the west, tht 
actual exposure is N. W. Looking in Table VI, we find the correction 
factor for this exposure to be 1.26; therefore the total heat loss is 

9,684 X 1.26 = 12,201.84 B. T. U. 

Example 3. A dwelling-house of fair wooden construction measures 
160 ft. around the outside; it has 2 stories, each 8 ft. in height; the windows 
are single, and the glass surface amounts to one-fifth the total exposure; the 
attic and cellar are unwarmed. If 8,000 B. T. U. are utilized from each pound 
of coal burned in the furnace, how many pounds will be required per hour to 
maintain a temperature of 70° when it is 20° above zero outside? 

Total exposure = 160 X 16 = 2,560 
Glass surface = 2,560 -^ 5 = 512 



Net wall = 2,048 

Temperature diflFerence = 70 - 20 = 50° 
Wall 2,048 X 13 = 26,624 

Gla^s 512 X 60 = 30,720 



57,344 B.T.U. 
As the building is exposed on all sides, the factor for exposure will be 
the average of those for N., E., S., and W., or 

(1.32 + 1.12 + 1.0 + 1.20) -^ 4 = 1 16 
The house has a cold cellar and attic, so we must increase the heat loss 
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iO per cent for each of the first two conditions, and 20 per cent for the 
last. Making these corrections we have: 

57,344 X 1.16 X 1.10 X 1.10 X 1.20 = 96,338 B.T. U. 
If one pound of coal furnishes 8,000 B. T. U., then 96,338 -^ 8,000 = 
12 pounds of coal per hour required to warm the building to 70® 
under the conditions stated. 

Approximate Method, For dwelling-houses of the average con- 
struction, the following simple method for calculating the heat loss 
may be used. Multiply the total exposed surface by 45, which will 
give the heat loss in B. T. U. per hour for an inside temperature of 70° 
in zero weather. 

This factor is obtained in the following manner : Assume the glass 
surface to be one-sixth the total exposure, which is an average propor- 
tion. Then each square foot of exposed surface consists one-sixth 
of glass and five-sixths of wall, and the heat loss for 70° diflFerence in 
temperature would be as follows : 

Wall A- X 19 = 15.8 
Glass i- X 85 = 14.1 
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29.9 
Increasing this 20 per cent for leakage, 16 per cent for exposure, and 
10 per cent for cold ceilings, we have : 

29.9 X 1.20 X 1.16 X 1.10 = 45. 

The loss through floors is considered as being offset by including 
the kitchen walls of a dwelling-house, which are warmed by the range, 
and which would not otherw^ise be included if computing the size of a 
furnace or boiler for heating. 

If the heat loss is required for outside temperatures other than 
zero, multiply by 50 for 10 degrees below, and by 40 for 10 degrees 
above zero. 

This method is convenient for approximations in the case of 
dwelling-houses; but the more exact method should be used for other 
types of buildings, and in all cases for computing the heating surface 
for separate rooms. When calculating the heat loss from isolated 
rooms, the cold inside walls as well as the outside must be considered. 

The loss through a wall next to a cold attic or other unwarmed space 
may in general be taken as about two-thirds that of an outside wall. 
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Heat Loss by Ventilation. One B. T. U. will raise the tempera- 
ture of 1 cubic foot of air 55 degrees at average temjKTatures and 
pressures, or will raise 5b cubic feet 1 degree, so that the heat required 
for the ventilation of any room can be found by the following formula: 

Cu. ft. of air per hour X Number of decrees rise t^ n. ^t • j 
= B. 1 . L . required. 

To compute the heat loss for any given room which is to be 
ventilated, first find the loss through walls and windows, and correct 
for exposure and leakage; then compute the amount required for 
ventilation as above, and take the sum of the two. An inside tem- 
perature of 70° is always assumed unless otherwise stated. 

Examples. What quantity of heat will be required to warm 100,000 
cubic feet of air to 70° for ventilating purposes when the outside temperature 
is 10 below zero? 

100,000 X 80 ^ 55 = 145,454 B. T. U. 

How many B. T. U. will be required per hour for the ventilation of a 
lihurch seating 500 people, in zero weather? 

Referring to Table III, we find that the total air required per 
hour is 1,200 X 500 = 600,000 cu. ft.; therefpre 000,000 X 70 h- 55 
= 763,636 B. T. U. 

iviise in J. piTiDeratiirp 
The factor — — is approximately 1.1 for 60° 

1.3 for 70°, and 1.5 for 80°. Assuming a temperature of 70° for the 
entering air, we may multiply the air-volume supplied for ventilation 
by 1.1 for an outside temperature of 10° above 0, by 1.3 for zero, and 
by 1.5 for 10° below zero — which covers the conditions most commonly 
met with in practice. 

EXAMPLES FOR PRACTICE 

1. A room in a grammar school 28 ft. by 32 ft. and 12 feet high is 
to accommodate 50 pupils. The walls are of brick 10 inches in thick- 
ness; and there are 6 single window^s in the room, each 3 ft. by 6 ft.; 
there are warm rooms above and below; the exposure is S. E. How 
many B. T. U. will be required per hour for warming the room, and 
how many for ventilation, in zero weather, assuming the building to 
be of average construction? 

Ans. 22,056 + for warming; 152,727 + for ventilation. 

2. A stone church seating 400 people has walls 20 inches in 
thickness. It has a wall exposure of 5,000 square Teet, a glass expos- 
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are (single windows) of GOO square feet, and a roof exposure of 7,000 
k;quai*e feet; the roof is of 2-inch pine plank, and the factor for heat 
loss may be taken the same as for a 2-inch wooden door. The floor 
is of wood on brick arches, and has an area of 4,000 square feet. The 
building is exposed on all sides, and is of first-class construction. 
What will be the heat required per hour for both warming and ventila- 
tion when the outside temperature is 20° above zero? 

Ans. 296,380 for warming; 436,363 + for ventilation. 
3. A dwelling-house of average wooden construction measures 
200 feet around the outside, and has 3 stories, each 9 feet high. 
Compute the heat loss by the approximate method when the tem- 
perature is 10° below zero. 

Ans. 270,000 B. T. U. per hour. 

FURNACE HEATING 

In construction, a furnace is a large stove with a combustion 
chamber of ample size over the fire, the whole being inclosed in a 
casing of sheet iron or brick. The bottom of the casing is provided 
with a cold-air inlet, and at the top are pipes which connect with 
registers placed in the various rooms to be heated. Cold, fresh air 
is brought from out of doors through a pipe or duct called the cold-air 
box; this air enters the space between the casing and the furnace near 
the bottom, and, in passing over the hot surfaces of the fire-pot and 
combustion chamber, becomes heated. It then rises through the 
warm-air pipes at the top of the casing, and is discharged through the 
registers into the rooms above. 

As the warm air is taken from the top of the furnace, cold air 
flows in through the cold-air box to take its place. The air for heating 
the rooms does not enter the combustion chamber. 

Fig. 5 shows the general arrangement of a furnace with its con- 
necting pipes. The cold-air inlet is seen at the bottom, and the hot-air 
pipes at the top; these are all provided with dampers for shutting off or 
regulating the amount of air flowing through them. The feed or fire 
door is shown at the front, and the ash door beneath it; a water-pan is 
placed inside the casing, and furnishes moisture to the warm air before 
passing into the rooms; water is either poured into the pan through an 
opening in the front, provided fer this purpose, or is supplied auto- 
matically through a pipe. 
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The fire is regulateil by means uf a draft slide in the asli door, and 
a cold-air or regulating damper placed in the smoke-pipe. Clean-out 
doors are placed at different points in tlie casing for the removal of 




ashes and soot. Furnaces arc made either of cast iron, orof wrought- 
iron plates riveted together and provided with brick-lined firepots. 

Types of Furnaces. Furnaces may be divided into two general 
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types known as direct-draft and indirect-draft. Fig. sliows in section 
It common form of direct-draft furnace; the better class have a radi- 
ator, generally placed at the top, through which the gases pass before 
reaching the smoke-pipe. They have but one damper, usually 
combined with a cold-air check. Many of the cheaper direct-draft 
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furnaces have no ra<liator at all, the gasi-s passing directly into the 
smoke-pipe and carrying away much heat that should be utilised. 

The furnace shown in Fig. 6 is made of cast iron and has a large 
radiator at the top; the smoke connection is shown at the rear. 

Fig. 7 represents another form of direct-draft furnace. In this 
case the radiator is made of slu-et-steel plates riveted together with 
tubular flues passing through it. 

In the ordinary iii(llrrcl-jlrtift type of furnace (see Fig. S), the 
gases pass downward through flues to a raiiiator located near the base. 
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thence upward through another flue to the sraoke-pipe. In addition 
to the damper in the smoke-pipe, a direct-draft damper is' required 
to give direct connection with the funnel when coal is first put on, to 
facilitate the escape of gas to the chimney. When the chimney draft 
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is weak, trouble from gas is more likely to be experienced with fur- 
naces of this ty])e than with those having a direct draft. 

Grates. No part of a furnace is of more importance than the 
grates. The ]>liun grate n>tatiiig about a center pin was for a long 
time the one most conunonly used. These grates were usuall\' i)ro- 
vided with a clinker (h>or for removing any refuse too large to pass 
l)etween the grate l>ars. The action of such grates tends to leave a 
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cone of ashes in the center of the fire causing it to burn more freely 
around the edges. A better form of grate is the revolving triangular 
pattern, which is now used in many of the leading furnaces. It con- 
sists of a series of triangular bars having teeth. The bars arecon- 
nected by gears, and are turned by means of a detachable lever. If 




properly used, this grate will cut a slice of ashes and clinkers from 
under the entire fire with little, if any loss of uncc nsumcfl coal. 

The Firepot. Firepots arc generally made of cast inin or of stee! 
plate lined with firebrick. The depth ninges fn»m about 12 to IS 
inches. In cast-iron furnaces of the In-tter clas.s, the fin-pot is made 
very heav7, to insure durability and lo render it less likely to l>ecome 
red-kot. The firepot is sometimes made in two pieces, to reduce th» 
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liability to cracking. The heating surface is sometimes increased bj 
corrugations, pins, or ribs. 

A firebrick lining is necessary in a wrought-iron or steel furnace 
to protect the thin shell from the intense heat of the fire. Since brick- 
lined firepots are much less effective than cast-iron in transmitting 
heat, such furnaces depend to a great extent for their efficiency on the 
heating surface in the dom^ and radiator; and this, as a rule, is much 
^ater than in those of cast iron. 

Cast-iron furnaces have the advantage when coal is first put on 
(and the drop flues and radiator are cut out by the direct damper) of 
still giving off heat from the firopot, while in the case of brick linings 
very little heat is given off in this way, and the rooms are likely to 
become somewhat cooled before the fresh coal becomes thoroughly 
ignited. 

Combustion Chamber. The body of the furnace above the fire- 
pot, commonly called the dome or feed section, pl'ovides a combustion 
chamber. This chamber should be of sufficient size to permit the 
gases to become thoroughly mixed with the air passing up through the 
fire or entering througli openings provided for the purpose in the feed 
door. In a well-designed furnace, this space should be somewhat 
larger than the firepot. 

Radiator. The radiator, so called, with which all furnaces of 
the better class are provided, acts as a sort of reservoir in which the 
gases are kept in contact with the air passing over the furnace until 
they have parted with a considerable portion of their heat. Radiators 
are built of cast iron, of steel plate, or of a combination of the two. 
The former is more durable and can be made with fewer joints, but 
owing to the difficulty of casting radiators of large size, steel plate is 
commonly used for the sides. 

The effectiveness of a radiator depends on its form, its heating 
surface, and the difference between the temperature of the gases and 
the surrounding air. Owing to the accumulation of soot, the bottom 
surface becomes practically worthless after the furnace has been in 
use a short time; surfaces, to h(» effective, must thiTefore be self- 
cleaning. 

If the radiator is placed near the bottom of the furnace the gases 
are surrounded by air at the lowest temperature, which renders the 
radiator more effective for a given size than if placed near the top and 
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surrounded by warm air. On the other hand, the cold air has a ten- 
dency to condense the gases, and the acids thus formed are likely to 
corrode the iron. 

Heating Surface. The different heating surfaces may be de- 
scribed as follows: Firepot surface; surfaces acted upon by direct 
rays of heat from the fire, such as the dome or combustion chamber; 
gas- or smoke-heated surfaces, such as flues or radiators; and ex- 
tended surfaces, such as pins or ribs. Surfaces unlike in character 
and location, vary greatly in heating power, so that, in making com- 
parisons of different furnaces, we must know the kind, form, and 
location of the heating surfaces, as well as the area. 

In some furnaces having an unusually large amount of surface, 
it will be found on inspection that a large part would soon become 
practically useless from the accumulation of soot. In others a large 
portion of the surface is lined with firebrick, or is so situated that the 
air-currents are not likely to strike it. 

The ratio of grate to heating surface varies somewhat according 
to the size of furnace. It may be taken as 1 to 25 in the smaller sizes, 
and 1 to 15 in the larger. 

Efficiency. One of the first items to be determined in esti- 
mating the heating capacity of a furnace, is its efficiency — ^that is, 
the proportion of the heat in the coal that may be utilized for warming. 
The efficiency depends chiefly on the area of the heating surface as 
compared with the grate, on its character and arrangement, and on 
the rate of combustion. The usual proportions between grate and 
heating surface have been stated. The rate of combustion required 
to maintain a temperature of 70° in the house, depends, of course, 
on the outside temperature. In very cold weather a rate of 4 to 5 
pounds of coal per square foot of grate per hour must be main- 
tained. 

One pound of good anthracite coal will give off about 13,000 
B. T. U., and a good furnace should utilize 70 per cent of this heat. 
The efficiency of an ordinary furnace is often much less, sometimes 
as low as 50 per cent. 

In estimating the required size of a first-class funiace with good 
chimney draft, we may safely count upon a maximum combustion 
of 5 pounds of coal per scjuare foot of grate per hour, and may assume 
that 8,000 B. T. U. will be utilized for warming purposes from each 
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pound burned. This quantity corresponds to an efficiency of 60 
per cent. 

Heating Capacity. Having determined the heat loss from a 
building by the methods previously given, it is a simple matter to 
compute the size of grate necessary to bum a sufficient quantity of 
coal to furnish the amount of heat required for warming. 

In computing the size of furnace, it is customary to consider the 
whole house as a single room, with four outside walls and a cold attic. 
The heat losses by conduction and leakage are computed, and in- 
creased 10 per cent for the cold attic, and 16 per cent for exposure. 
The heat delivered to the various rooms may be considered as being 
made up of two parts — jirsty that required to warm the outside air 
up to 70° (the temperature of the rooms); and second, the quantity 
which must be added to this to offset the loss by conduction and leak- 
age. Air is usually delivered through the registers at a temperature 
of 120°, with zero conditions outside, in the best class of residence 

70 
work; so that --— of the heat given to the entering air may be con- 

50 
sidered as making up the first part, mentioned above, leaving -r^ 

available for purely heating purposes. From this it is evident that 

50 
the heat supplied to the entering air must be equal to 1 -r- - =2.4 

times that required to offset the loss by conduction and leakage. 

Exam-pie. The loss through the walls and windows of a building is 
found to be 80,000 B. T. U. per hour in zero weather. What will be the size 
of furnace required to maintain an inside temperature of 70 degrees? 

From the above, we have the total heat required, equal to 80,000 

X 2.4 = 192,000 B. T. U. per hour. If we assume that 8,000 B. T. 

U. are utilized per pound of coal, then 192,000 -j- 8,000 = 24 pounds 

of coal required per hour; and if 5 pounds can be burned on each 

24 
square foot of grate per hour, then^ = 4.8 square feet required. 

A grate 30 inches in diameter has an area of 4.9 square feet, and is the 
size we should use. 

WTien the outside temperature is taken as 10° below zero, multi- 
ply by 2.6 instead of 2.4; and multiply by 2.<S for 20° below. 

Table VII will be found useful in determining the diameter of 
firepot required. 
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TABLE VII 
Firepot Dimensions 



Average Diameter of Orate, in Inches 


Area in Square Feet 


18 


1.77 


20 


2.18 


22 


2.64 


24 


3.14 


26 


3.69 


28 


4.27 


30 


4.91 


32 


5.58 



EXAMPLES FOR PRACTICE 

1. A brick apartment house is 20 feet wide, and has 4 stories, 
each being 10 feet in height. The house is one of a block, and is 
exposed only at the front and rear. The walls are 16 inches thick^ 
and the block is so sheltered that ro correction need be made for 
exposure. Single windows make up I the total exposed surface. 
Figure for cold attic but warm basement. What area of grate surface 
will be required for a furnace to keep the house at a temperature of 
70° when it is 10° below zero outsid<»? Ans. 3.5 square feet. 

2. A house having a furnace with a firepot 30 inches in diameter, 
is not sufficiently warmed, and it is decided to add a second furnace 
to be used in connection with the one already in. The heat loss from 
the building is found by computation to be 133,600 B. T. U. per hour, 
in zero weather. What diameter of firepot will be required for the 
extra furnace? Ans. 24 inches. 

Location of Furnace. A furnace should be so placed that the 
warm-air pipes will be of nearly the same length. The air travels 
most readily through pipes leading toward the sheltered side of the 
house and to the upper rooms. Therefore pipes leading toward the 
north or west, or to rooms on the first floor, should be favored in 
regard to length and size. The furnace should be placed somewhat 
to the north or west of the ce::ter of the house, or toward the points 
of compass from which the prevailing winds blow. 

Smoke-Pipes. Furnace smoke-pipes range in size from about 
6 inches in the smaller sizes to (S or inches in the larger ones. They 
are generally naade of galvanized iron of No. 24 gauge or heavier. 
The pipe should be carried to the chimney as directly as possible, 
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avoiding bends which increase the resistance and diminish the draft. 
Where a smoke-pipe passes through a partition, it should be pro- 
tected by a soapstone or double-perforated metal collar having a 
diameter at least 8 inches greater than that of the pipe. The top of 
the smoke-pipe should not be placed within 8 inches of unprotected 
beams, nor less than 6 inches under beams protected by asbestos or 
plaster with a metal shield beneath. A collar to make tight con- 
nection with the chimney should be riveted to the pipe about 5 inches 
from the end, to prevent the pipe being pushed too far into the flue. 
Where the pipe is of unusual length, it is well to cover it to prevent 
loss of heat and the condensation of smoke. 

Chimney Flues. Chimney flues, if built of brick, should have 
walls 8 inches in thickness, unless terra-cotta linings are used, when 
only 4 inches of brickwork is required. Except in small houses 
where an 8 by 8-inch flue may be used, the nominal size of the smoke 
flue should be at least 8 by 12-inches, to allow for contractions or off- 
sets. A clean-out door should be placed at the bottom of the flue, 
for removing ashes and soot. A square flue cannot be reckoned at 
its full area, as the corners are of little value. To avoid down drafts, 
the top of the chimney must be carried above the highest point of the 
roof unless provided with a suitable hood or top. 

Cold-Air Box. The cold-air box should be large enough to 
supply a volume of air sufficient to fill all the hot-air pipes at the same 
time. If the supply is too small, the distribution is sure to be unequal, 
and the cellar will become overheated from lack of air to carry away 
the heat generated. 

If a box is made too small, or is throttled down so that the volume 
of air entering the furnace is not large enough to fill all the pipes, 
it will be found that those leading to the less exposed side of the 
house or to the upper rooms will take the entire supply, and that 
additional air to supply the deficiency will be drawn down through 
registers in rooms less favorably situated. It is common practice 
to make the area of the cold-air box three-fourths the combined 
area of the hot-air pipes. The inlet should be placed where the 
prevailing cold winds will blow into it; this is commonly on the north 
or west side of the house. If it is placed on the side away from the 
wind, warm air from the furnace is likely to be drawn out thiough 
the cold-€iir box. 
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Whatever may be the location of the eiitrance to the cold-air 
box, changes in the direction of the wind may take place which will 
bring the inlet on the wrong side of the house. To prevent the 
possibility of such changes affecting the action of the furnace, the 
cold-air box is sometimes extended through the house and left open 
at both ends, with check-dampers arranged to prevent back-drafts. 
These checks should be placed some distance from the entrance, to 
prevent their becoming clogged with snow or sleet. 

The cold-air box is generally made of matched boards; but 
galvanized iron is much better; it costs more than wood, but is well 
worth the extra expense on account of tightness, which keeps the dust 
and ashes from being drawn Into the furnace casing to be discharged 
through the registers into the rooms above. 

The cold-air inlet should be covered with galvanized wire netting 
with a mesh of at least three-eighths of an inch. The frame to which 
it is attached should not __ 

be smaller than the m- lA f^RrfioM above 

side dimensions of the 
cold-air box A door to 
admit air from the cellar 
to the cold-air box is 
generally provided As 
a rule, air should be 
taken from this source, 
only when the house is 
temporanly unoccupied 
or dunng high winds 

Return Duct. In 
some cases it is desirable 
to return air to the fur- 
nace from the rooms 
above, to be reheated. Ducts for this purpose are common in places 
where the winter temperature is frequently below zero. Return 
ducts when used, should be in addition to the regular cold-air box. 
Fig. 9 shows a common method of making the connection between 
the two. By proper adjustment of the swinging damper, the air can 
be taken either from out of doors or through the register from the 
room above. The return register is often placed in the hallway of 
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a house, so that it will take the cold air which rushes in when the 
door is opened and also that which may leak in around it while 
closed. Check-valves or flaps of light gossamer or woolen cloth 
should be placed between the cold-air box and the registers to pre- 
vent back-drafts during winds. 

The return duct should not be used too freely at the expense of 
outdoor air, and its use is not recommended except during the night 
when air is admitted to the sleeping rooms through open windows. 

Warm-Air Pipes. The required size of the warm-air pipe to 

any given room, depends on the heat loss from the room and on the 

volume of warm air required to offset this loss. Each cubic foot of 

air warmed from zero to 120 degrees brings into a room 2.2 B. T. U. 

We have already seen that in zero weather, with the air entering the 

50 
registers at 120 degrees, only -■": of the heat contained in the air is 

available for offsetting the losses by radiation and conduction, so that 

50 
only 2.2 X — = .9 B. T. U. in each cubic foot of entering air can 

be utilized for warming purposes. Therefore, if we divide the com- 
puted heat loss in B. T. U. from a room, by .9, it will give the number 
of cubic feet of air at 120 degrees necessary to warm the room in zero 
weather. 

As the outside temperature becomes colder, the quantity of heat 
brought in per cubic foot of air increases; but the proportion avail- 
able for warming purposes becomes less at nearly the same rate, so 

TABLE VIII 
Warm- Air Pipe Dimensions 



Diameter op Pipe, 


Area 


Area 


IN Inches 


IN Square Inches 


IN Square Feet 


6 


28 


.196 


7 


38 


.267 


8 


50 


.349 


9 


64 


.442 


10 


79 


.545 


11 


95 


.660 


12 


113 


.785 


13 


133 


.922 


14 


154 


1.07 


15 


177 


1.23 


16 


201 


1.40 



40 



HEATING AND VENTILATION 31 

that for all practical purposes we may use the figure .9 for all usual 
conditions. In calculating the size of pipe required, we may assume 
maximum velocities of 260 and 380 feet per minute for rooms on the 
first and second floors respectively. Knowing the number of cubic 
feet of air per minute to be delivered, we can divide it by the velocity, 
which will give us the required area of the pipe in square feet. 

Round pipes of tin or galvanized iron are used for this purpose. 
Table VIII will be found useful in determining the required diameters 
of pipe in inches. 

Example. The heat loss from a room on the second floor is 18,000 B. 
T. U. per hour. What diameter of warm-air pipe will be required? 

18,000 4- .9 = 20,000 = cubic feet of air required per hour. 
20,000 -T- 60 = 333 per minute. Assuming a velocity of 380 feet 
per minute, we have 333 -^ 380 = .87 square foot, which is the 
area of pipe required. Referring to Table VIII, we find this comes 
between a 12-inch and a 13-inch pipe, and the larger size would 
probably be chosen. 

EXAMPLES FOR PRACTICE 

1. A first-floor room has a computed loss of 27,000 B. T. U. 
per hour when it is 10° below zero. The air for warming is to enter 
through two pipes of equal size, and at a temperature of 120 degrees. 
What will be the required diameter of the pipes? 

Axs. 14 inches. 

2. If in the above example the room had been on the second 
floor, and the air was to be delivered through a single pipe, what 
diameter would be required? 

Ans. 16 inches. 

Since long horizontal runs of pipe increase the resistance and 
loss of heat, they should not in general be over 12 or 14 feet in length. 
This applies especially to pipes leading to rooms on the first floor, 
or to those on the cold side of the house. Pipes of excessive length 
should be increased in size because of the added resistance. 

Figs. 10 and 11 show common methods of running the pipes in 
the basement. The first gives the best results, and should be used 
where the basement is of suflicient height to allow it. A damper 
should be placed in each pipe near the furnace, for regulating the flow 
of air to the different rooms, or for shutting it off entirely when desired. 



41 



32 



HEATING AND VENTILATION 



While round pijxi risers give the best results, it is not always 
possible to provide a sufficient space for them, and flat or oval pipes 
are substituted. When vertical pijx^s must be placed in single par- 
titions, much better results will be obtained if the studding can be 





Fig. 10. Fig. 11. 

CJommon Methods of Running Hot- Air Pipes in Basement. Method Shown in Fig. 10 

is Preferable where Feasible. 

made 5 or 6 inches deep instead of 4 as is usually done. Flues should 
never in any case be made less than 3^ inches in depth. Each room 
should be heated by a separate pipe. In some cases, however, it is 
allowable to run a single riser to heat two unimportant rooms on an 
upper floor. A clear space of at least h inch should be left between 
the risers and studs, and the latter should be carefully tinned, and the 

TABLE IX 
Dimensions of Oval Pipes 
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in. 


27 
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space between them on Ijoth sides covered with tin, asbestos, or wire 
lath. 

Table IX gives the capacity of oval pipes. A G-inch pipe ovaled 
to 5 means that a 6-inch pipe has been flattened out to a thickness of 
5 inches, and column 2 gives the resulting area. 

Having determined the size of round pipe required, an equiva- 
lent oval pipe can be selected from the table to suit the space available. 

Registers. The registers which control the supply of warm 
air to the rooms, generally have a net area equal to two-thirds of their 
gross area. The net area should be from 10 to 20 per cent greater 
than the area of the pipe connected with it. It is common practice 
to use registers having the short dimenjions equal to, and the long 
dimensions about one-half greater than, the diameter of the pipe. 
This would give standard sizes for different diameters of pipe, as 
listed in Table X. 

TABLE X 
Sizes of Registers for Different Sizes of Pipes 



Diameter of Pipe 


Size < 


:>F Register 


6 


in. 


6 


X 


10 


in. 


7 


ti 


7 


X 


10 


•i 


8 


tt 


8 


X 


12 


It 


9 


tt 


9 


X 


14 


tt 


10 


11 


10 


X 


15 


tt 


11 


n 


11 


X 


16 


tt 


12 


11 


12 


X 


17 


It 


13 


11 


14 


X 


20 


tt 


14 


tt 


14 


X 


22 


tt 


15 


tt 


15 


X 


22 


tt 


16 


tt 


16 


X 


24 


tt 



Combination Systems. A combination system for heating by 
hot air and hot water consists of an ordinary furnace with some form 
of surface for heating water, placed either in contact with the fire or 
suspended above it. Fig. 12 shows a common arrangement where 
part of the heating surface forms a portion of the lining to the firepot 
and the remainder is above the fire. 

Care must be taken to proportion properly the work to be done 
by th« air and the water; else one will operate at the expense of the 
other. One square foot of heating surface in contact with the fire is 
capable of supplying from 40 to 50 square feet of radiating surface. 
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and one square foot suspended over the fire will supply from 15 to 25 
square feet of radiation. 

The value or efficiency of the heating surface varies so widely in 
different makes that it is best to state the recjuired conditions to the 




manufacturers and have them proportion the surfaces as their experi- 
ence has found best for their particular type of funmec. 

Care and Management of Furnaces. The following general 
rules apply to the management of all hard coal furnaces. 

The fire should be thoroughly shaken once or twice daily in cold 
weather. It is well to keep the fircpot heaping full at all times. In 
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this way a more even temperature may be maintained^ less attention is 
required, and no more coal is burned than when the pot is only partly 
filled. In mild weather the mistake is frequently made of carrying a 
thin fire, which requires frequent attention and is likely to die out. 
Instead, to diminish the temperature in the house, keep the firepot 
full and allow ashes to accumulate on the grate (not under it) by shak- 
ing less frequently or less vigorously. The ashes will hold the heat 
and render it an easy matter to maintain and control the fire. When 
feeding coal on a low fire, open the drafts and neither rake nor shake 
the fire till the fresh coal becomes ignited. The air supply to the fire 
is of the greatest importance. An insuflScient amount results in incom- 
plete combustion and a great loss of heat. To secure proper combus- 
tion, the fire should be controlled principally by means of the ash-pit 
through the ash-pit door or slide. 

The smoke-pipe damper should be opened only enough to carry 
ofif the gas or smoke and to give the necessary draft. The openings 
in the feed door act as a check on the fire, and should be kept closed 
during cold weather, except just after firing, when with a good draft 
they may be partly opened to inc rease the air-supply and promote the 
proper combustion of the gases. 

Keep the ash-pit clear to avoid warping or melting the grate. 
The cold-air box should be Prpt wide open except during winds or 
when the fire is low. At sucVi times it may be partly, but never com- 
pletely closed. Too much stress cannot be laid on the importance 
of a suflScient air-supply to the furnace. It costs little if any more 
to maintam a comfortable temperature in the house night and day 
than to allow the rooms to become so cold during the night that the 
fire must be forced in the morning to warm them up to a comfortable 
temperature. 

In case tne warm air fails at times to reach certain rooms, it 
may be forced into them by temporarily closing the registers in other 
rooms. The current once established will generally continue after 
the other registers have been opened. 

It is best to bum as hard coal as the draft will warrant. Egg 
size is better than larger coal, since for a given weight small lumps 
expose more surface and ignite more quickly than larger ones. The 
furnace and smoke-pipe should be thoroughly cleaned once a year. 
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This should be done just after the fire has been allowed to go aut in 
the spring. 

STEAM BOILERS 

Types. The boilers used for heating are the same as have already 
been described for power work. In addition there is the cast-iron 
sectional boiler, used almost exclusively for dwelling-houses. 

Tubular Boilers. Tubular boilers are largely used for heating 
purposes, and are adapted to all classes of buildings except dwelling- 
houses and the special cases mentioned later, for which sectional 
boilers are preferable. A boiler horse-power has been defined as the 
evaporation of 34^ pounds of water from and at a temperature of 212 
degrees, and in doing this 33,317 B. T. U. are absorbed, which are 
again given out when the steam is condensed in the radiators. Hence 
to find the boiler H. P. required for warming any given building, we 
have only to compute the heat loss per hour by the methods already 
given, and divide the result by 33,330. It is more common to divide 
by the number 33,000, which gives a slightly larger boiler and is on 
the side of safety. 

The commercial horse-power of a well-designed boiler is based 
upon its heating surface; and for the best economy in heating work, 
it should be so proportioned as to have about 1 square foot heating of 
surface for each 2 pounds of water to be evaporated from and at 212 
degrees F. This gives 34.5 -i- 2 = 17.2 square feet of heating surface 
per horse-power, which is generally taken as 1 5 in practice. Makers of 
tubular boilers commonly rate them on a basis of 12 square feet of heat- 
ing surface per horse-power. This is a safe figure under the conditions 
of power work, where skilled firemen pre employed and where more 
care is taken to keep the heating surfaces free from soot and ashes. 
For heating plants, however, it is better to rate the boilers upon 15 
square feet per horse-power as stated above. 

There is some difference of opinion as to the proper method of 
computing the heating surface of tubular boilers. In general, all 
surface is taken which is exposed to the hot gases on one side and to 
the water on the other. A safe rule, and the one by which Table 
XII is computed, is to take J the area of the shell, f of the rear head, 
less the tube area, and the interior surface of all the tubes. 

The required amount of grate area, and the proper ratio of heat- 
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ing surface to grate area, vary a good deal, depending on the character 
of the fuel and on the chimney draft. By assuming the probable 
rates of combustion and evaporation, we may compute the required 
grate area for any boiler from the formula : 

^, H,P. X 34.5 

^ " . E XC ' 
in which 

S = Total grate area, in square feet; 

E = Pounds of water evaporated per pound of coal; 

C = Pounds of coal burned per square foot of grate per hour. 

Table XI gives the approximate grate area per H. P. for different 
rates of evaporation and combustion as computed by the above 
equation. 

TABLE XI 

Grate Area per Horse-Power for Different Rates of Evaporation and 

Combustion 





: : : : _Jt 

Pounds of Coal Burned per Square Foot of Grate per Hour 


Pounds or Steam per 
Pound of Coal 


8 lbs. 


ID lbs. 12 lbs. 




Square Feet of Grate Surface per Horse- Power 


10 


.43 


.35 


.28 


9 


.48 


.38 


.32 


8 


.54 


.43 


.36 


7 


.62 


.49 


.41 


6 


.72 


.58 


.48 



For example, with an evaporation of 8 pounds of steam per pound of 
coal, and a combustion of 10 pounds of coal per square foot of grate, .43 of a 
square foot of grate surface per H. P. would be called for. 

The ratio of heating to grate surface in this type of boiler ranges 
from 30 to 40, and therefore allows under ordinary conditions a com- 
bustion of from 8 to 10 pounds of coal per square foot of grate. This 
is easily obtained with a good chimney draft and careful firing. The 
larger the boiler, the more important the plant usually, and the greater 
the care bestowed upon it, so that we may generally count on a higher 
rate of combustion and a greater efficiency as the size of the boiler 
increases. Table XII will be found very useful in determining 
the size of boiler required under different conditions. The grate 
area is computed for an evaporation of 8 pounds of water per pound 
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TABLE XII 

















Size of 


Diameter 


Nttacrpr 


Diameter 


Length 


Horse- 


Size of 


Size of 


Smoke- 


OP Shell 


A ^ ^ MB m9 K* A* 

OF Tubes 


OF Tubes 


OF Tubes 


Power 


Grate in 


Uptake 


pipe IN 


IN Inches 




IN Inches 


IN Feet 




Inches 


IN Inches 


Sq. In 


30 


28 


'^14 


6 


8.5 


24x36 


10x14 


140 






w ^ 


7 


9.9 


24 X 36 


10x14 


140 








8 


11.2 


24x36 


10x14 


140 








9 


12.6 


24 x 42 


10x14 


140 








10 


14.0 


24x42 


10x14 


140 


36 


34 


2H 


8 


13.6 


30x36 


10x16 


160 








9 


15.8 


30x42 


10x18 


180 








10 


16.9 


30x42 


10x18 


180 








11 


18.6 


30x48 


10x20 


200 








12 


20.9 


30x48 


10x20 


200 


42 


34 


3 


9 


18.5 


36x42 


10x20 


200 








10 


20.5 


36 X 42 


10x20 


200 








11 


22.5 


36 X 48 


10x25 


250 








12 


24.5 


36 X 48 


10x25 


250 








13 


26.5 


36x48 


10x28 


280 








14 


28.5 


36x54 


10x28 


280 


48 


44 


3 


10 


30.4 


42x48 


10x28 


280 








11 


33.2 


42x48 


10x28 


280 








12 


35.7 


42x54 


10x32 


320 








13 


38.3 


42x54 


10x32 


320 








14 


40.8 


42x60 


10x36 


360 








15 


43.4 


42x60 


10x36 


360 








16 


45.9 


42x60 


10x36 


360 


64 


54 


8 


11 


34.6 


48x54 


10x38 


380 








12 


37.7 


48 X 54 


10x38 


380 








13 


40.8 


48x54 


10x38 


380 








14 


43.9 


48 X 54 


10x38 


380 








15 


47.0 


48x60 


10x40 


400 








16 


50.1 


48x60 


10x40 


400 
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zy. 


17 


53.0 


48x60 


10x40 


400 


60 


72 


3 


12 


48.4 


54 x60 


12x40 


460 








13 


52.4 


54x60 


12x40 


460 








14 


56.4 


54x60 


12x40 


460 








15 


60.4 


54 X 66 


12x42 


500 








16 


64.4 


54x66 


12x42 


500 




64 


31^ 


17 


71.4 


54x72 


12x48 


550 








18 


75.6 


54x72 


12x48 


550 


66 


90 


3 


14 


70.1 


00x66 


12x48 


500 








15 


75.0 


60x72 


12 X 52 


620 








16 


80.0 


60x72 


12x52 


620 




78 


3H 


17 


86.0 


60x78 


12x56 


670 






^ 4» 


18 


91.1 


00x78 


12x56 


670 




1 




19 


96.2 


60 x 78 


12x56 


670 




62 


4 


20 


93 . 1 


60 x 7S 


12x56 


670 


72 


114 


3 


14 


87.4 


66x72 


12x56 


670 








15 


93.6 


66 X 72 


12x56 


670 








IG 


99.7 


66 X 7S 


12x62 


740 




98 


3H 


17 


106.4 


66 X 78 


12x62 


740 








18 


112.6 


66x 84 


12x66 


790 








19 


118.8 


66x84 


12x66 


790 




72 


4 


20 


107.3 


66x84 


12x66 


700 
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of coal, which corresponds to an efficiency of about 60 per cent, and 
is about the average obtained in practice for heating boilers. 

The areas of uptake and smoke-pipe are figured on a basis of 
1 square foot to 7 square feet of grate surface, and the results given 
in round numbers. In the smaller sizes the relative size of smoke- 
pipe is greater. The rate of combustion runs from 6 pounds in the 
smaller sizes to Hi in the larger. Boilers of the proportions given 
in the table, correspond well with those used in actual practice, and 
may be relied upon to give good results under all ordinary conditions. 

IVater-tube boilers are often used for heating purposes, but more 
especially in connection with power plants. The method of com- 
puting the required H. P. is the same as for tubular boilers. 

Sectional Boilers. Fig. 13 shows a common form of cast-iron 
boiler. It is made up of slabs or sections, each one of which is con- 
nected by nipples with headers at the sides and top. The top header 
acts as a steam drum, and the lower ones act as mud drums; they also 
receive the water of condensation from the radiators. The gases 
from the fire pass backward and forward through flues and are finally 
taken off at the rear of the boiler. 

Another common form of sectional boiler is shown in Fig. 14. 
It is made up of sections which increase the length like the one just 
described. These boilers have no drum connecting with the sections; 
but instead, each section connects with the adjacent one through 
openings at the top and bottom, as shown. 

The ratio of heating to grate surface in boilers of this type ranges 
from 15 to 25 in the best makes. They are provided with the usual 
attachments, such as pressure-gauge, water-glass, gauge-cocks, and 
safety-valve; a low-pressure damper regulator is furnished for operat- 
ing the draft doors, thus keeping the steam pressure practically con- 
stant. A pressure of from 1 to 5 pounds is usually carried on these 
boilers, depending upon the outside temperature. The usual setting 
is simply a covering of some kind of non-conducting material like 
plastic magnesia or asbestos, although some forms are enclosed in 
light brickwork. 

In computing the required size, wc may proceed in the same 
manner as in the case of a furnace. For the best types of house- 
heating boilers, we may assume a combustion of 5 pounds of coal per 
square foot of grate per hour, and an average efficiency of 60 per cent, 
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which corresponds to 8,000 B. T. U. per pound of coal, available for 
useful work. 

In the case of direct-steam heating, we have only to supply heat 
to offset that lost by radiation and conduction; so that the grate area 
may be found by dividing the computed heat loss per hour by 8,000, 
which gives the number of pounds of coal; and this in turn, divided 
by 5, will give the area of grate required. The most efficient rate of 




EMg. 13. Common Tyiie of Caallron S 



combustion will depend somewhat upon the ratio between the grate 
and heating surface. It ha,s been foinid by expiTience that aI>out J 
of a pound of coal per hour for each .sqnan' foot of heating surface 
gives the Ije.st results; so that, by knowing tlio ratio of heating surface 
to grate area for any make of heater, we van easily couipule the most 
efficient rate of combustion, and from it lietemiine tlie necessary grate 
area. 
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For example, suppose the heat loss from a building to be 480,000 
B. T. U. per hour, and that we wish to use a heater in which the ratio 
of heating surface to grate area is 24. What will be the most efficient 
rate of combustion and 
the required grate area? 
480,000 -J- 8,(HM) = 60 
pounds of coal per hour, 
and 24-5-4 = 0, which is 
the best rate of combus- 
tion to employ; there- 
fore GO -i- 6 =10, the grate 
area required. 

There are many dif 
ferent designs of cast- 
iron boilers for low-pres- 
sure steam and hot-water 
heating. In general, 
boilers having a drum f\k. i-i. idi-ai scctionoi ;iA-inrh steam Boiier. 

connectal by nipples cunri^ «/ -i-nfca,, Rad,at« Compa7,a. 

with each section give dryer steam and Iioki a steadier water- 
line than the second form, especially when forced above their 
normal capacity. The steam, in passing through the openings 
between successive sections in order to reach the outlet, is apt to 
carry with it more or less water, and to choke the openings, thus 
producing an uneven pressure in different parts of the boiler. 

In the case of hot-water boilers this objection disappears. 

For steam work theopening between thesectionsshould be of good 
size, with an ample steam space above the water-line; and the nozzles 
for the discharge of steam should be located at frequent intervals. 
EXAMPLES FOR PRACTICE 

1. The heat loss from a. building is 240,000 B. T. U. per hour, 
and the ratio of heating to grate area in the heater to be used is 20. 
What will be the required grate area? Ans. sq. ft. 

2. The heat loss frt»m a building is 108,000 B. T. U. i)cr hour, 
and the chimney draft is such that not over II poiuids of coal ]>cr hour 
can he burned per square foot of grate. What ratio of heating to 
grate area will be necessary, and what will \w the required grate area? 

.\ns. Uatio, 12. Grate area, 7 sq. ft. 
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Cast-iron sectional boilers are used for dwelling-houses, small 
schoolhouses, churches, etc., where low pressures are carried. They 
are increased in size by adding more slabs or sections. After a certain 
length is reached, the rear sections become less and less efficient, thus 
limiting the size and power. 

Horse-Power for Ventilation. We already know that one 
B. T. U. will raise the temperature of 1 cubic foot of air 55 degrees, 
or it will raise 100 cubic feet yj^j^ of 55 degrees, or ^^V ^^ 1 degree; 
therefore, to raise 100 cubic feet 1 degree, it will take 1 -r ^^^ , or ^Y' 
B. T. U.; and to raise 100 cubic feet through 100 degrees, it will take 
VV- X 100 B. T. U. In other words, the B. T. U. required to raise 
any given volume of air through any number of degrees in tempera- 
ture, is ecjual to 

Volume of air in cubic ft. X Degrees raised 

55 

Example, How many B. T. U. are required to raise 100,000 
cubic feet of air 70 degrees? 

100,000 X 70 



55 



= 127,272 + 



To compute the H. P. re(|uired for the ventilation of a building, 
we multiply the total air-supply, in cubic feet per hour, by the number 
of degrees through which it is to be raised, and divide the result by 55, 
This gives the B. T. U. per hour, which, dividcxl by 33,000, will give 
the H. P. recjuired. In using this rule, always take the air-supply in 
cubic feet per hour. 

EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 1,650,000 B. T. U. per hour. 
There is to be an air-supply of 1 ,500,000 cubic feet per hour, raised 
through 70 degrees. What is the total boiler H. P. required? 

Axs. lOS. 

2. A high school has 10 classrooms, each occupied by 50 pupils. 
Air is to be delivered to the rooms at a temperature of 70 degrees. 
What will be the total II. P. required to heat and ventilate the building 
when it is 10 degrees below zero, if the heat loss through walls and 
wmdows is 1,320,000 B. T. U. per hour? Axs. 106+ . 

DIRECT-STEAM HEATING 

A system of direct-steam heating consists (1 ) of a furnace and 
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boiler for the combustion of fuel and the generation of steam; (2) a 
system of pipes for conveying the steam to the radiators and for 
returning the water of condensation to the boiler; and (8) radiators 
or coils placed in the rooms for diffusing the heat. 

Various types of boilers are used, depending upon the size and 
kind of building to be wanned. Some form of cast-iron sectional 
boiler b commonly used for dwelling-houses, while the tubular or 
water-tube boiler is more usually employed in larger buildings. 
Where the boiler is used for heating purposes onlj', a low steam-pres- 
sure of from 2 to 10 pounds is carried, and the condensation flows 
back by gravity to the boiler, which "s placed below the lowest radi- 
ator. When, for any reason, a higher pres- 
sure is required, the steam for the heating 
sjatem is made to pass through a reducing 
valve, and the condensation is returned to 
the boiler by means of a pump or return trap. 

Types of Radiating Surface. The radi- 
ation used in direct-steam heating is made 
up of cast-iron radiators of various forms, 
of pipe radiators, and of circulation coils. 

Cast-Iron Radiators, llic general form 
of a cast-iron sectional radiator is shown in 
Fig. 15, Radiators of this type are made 
up of sections, the number depending upon 
the amount of heating surface required. 
Fig. 16 shows an intermediate section of a 
radiator of this tj-pe. It is simply a loop 
with inlet and outlet at the bottom. The CuurtiiT'B/'Vi'rJ.^w'Rndwiw 
end sections are the same, except that they 

have legs, as shown in Fig. 17. These sections are connected at 
the bottom by special nipples, so that steam entering at the end 
fills the bottom of the radiator, and, being lighter than the air, rises 
through the loops and forces the air downward and toward the farther 
end, where it is discharged through an air-valve placed about midway 
of the last section. For one-jiipe steam work the siipph/^cg section 
is constructed with low -drip hub, and for two-pipe steam work, the 
return-leg section is constructed with low-drip hub. 

There are many designs varying in height and width, to 
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suit all conditions. The wall pattern shown in Fig, 18 is v«ry con- 
venient when it is desired to place the radiator above the floort as in 
_ bathrooms, etc.; it is also a con- 

venient form to place under the 
windows of halb and churches 
to counteract the effect of cold 
down drafts. It is adapted to 
nearly every place where the or- 
dinary direct radiator can be 
used, and may be connected up 
in different ways to meet the va- 
rious requirements. 

A low and moderately shallow 
radiator, with ample space for the 
circulation of air between the 
sections, is more efficient than a 
deep radiator with the sections 
closely packed together. One- 
and two-column radiators, so 
called, are preferable to three- 
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and four-column, when there is sufficient space to use them. 




The stiindiinl hei(;lit of a radijitor is ^ili iir '.iS inches, and, if 
possible, it is better not to exceed this. 
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For small radiators, it is better practice t» use lower sections and 
increase the length; this makes the radiator slightly more efficient 
and ^ves a much better appearance. 

To get the best results from wall radiators, they should be set 
out at least 1 J inches from the wall to allow a free circulation of air 
back of them. Patterns having cross-bars should be placed, if 
possible, with the bars in a vertical position, as their efficiency is 
impaired somewhat when placed horizontally. 

Pipe Radiators. This type of radiator (see Fig. 19) is made up of 
wrought-iron pipes 
screwed into a cast- 
iron base. The 
pipes arc either con- 
nected in pairs at 
the top by return 
bends, or each sep- 
arate tube has a 
thin metal dia- 
phragm passing up 
the center nearly to 
the top. It is nec- 
essary that a loop 
be formed, else a 
"dead end" would 
occur. This would 
become filled with 
air and prevent 
steam from enter- 
ing, thus causing portions of the radiator to remain cold. 

Circulation Coils. These are usually made up of 1 or IJ-ineh 
wrought-iron pipe, and may be hung on the walls of a room by means 
of hook plates, or suspended overhead on hangers and rolls. 

Fig. 20 shows a common form for schoolhouse and similar work; 
this coil is usually made of IJ-inch pipe screwed into headers or 
brtNick tees at the ends, and is hung on the wall just below the windows. 
This is known as a branch coil. Fig. 21 shows a trombone coil, which 
is commonly used when the pipes cannot turn a corner, and where 
the entire coil must be placed upon one side of the room. Fig. 22 




Fig- IB. WroughHron Pips Radiator. 
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is called a miter coil, and is uscxl under the same conditions as a trom- 
bone coil if there is room for the vertical portion. This form is not 
so pleasing in appearance as either of the other two, and is found only 
in factories or shops, where looks are of minor importance. 




Fig. 20. Common Form of "Branch" Coil for Circulation of Direct Steam. 

Overhead coils are usually of the miter form, laid on the side and 
suspended about a foot from the ceiling; they are less efficient than 
when placed nearer the floor, as the warm air stays at the ceiling and 
the lower part of the room is likely to remain cold. They are used 




Pig. SL •*Tromboue" Coil. Used where Entire Coil must be Placed on One Side of Room 

only when wall coils or radiators would be in the way of fixtures, or 
when they would come below the water-line of the boiler if placed 
near the floor. 

When steam is first turned on a coil, it usually passes through a 




Fig. 22. **Miter" Coil. Adapted, like the "Trombone. " Only to a Single Wall. 

Fre<iuently Used in Factories and Shops. 

portion of the pipes first and heats them while the others remain cold 
and full of air. Therefore the coil must always be made up in such 
a way that each pipe shall have a certain amount of spring and may 
expand independently without bringing undue strains upon the others. 
Circulation coils should incline about 1 inch in 20 feet toward the 
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return end in order to secure proper drainage and quietness of opera- 
tion. 

Efficiency of Radiators. The efficiency of a radiator — that is, 
the B. T. U. which it gives off per square foot of surface per hour — 
depends upon the difference in temperature between the steam in the 
radiator and the surrounding air, the velocity of the air over the 
radiator, and the quality of the surface, whether smooth or rough. 
In ordinary low-pressure heating, the first condition is practically 
constant; but the second varies somewhat with the pattern of the 
radiator. An open design which allows the air to circulate freely 
over the radiating surfaces, is more efficient than a closed pattern, 
and for this reason a pipe coil is more efficient than a radiator. 

In a large number of tests of cast-iron and pipe radiators, working 
under usual conditions, the heat given off per square foot of surface 
per hour for each degree difference in temperature between the steam 
and surrounding air was found to average about 1 . 7 B. T. U. The 
temperature of steam at 3 pounds' pressure is 220 degrees, and 220 — 70 
= 150, which may be taken as the average difference between the 
temperature of the steam and the air of the room, in ordinary low- 
pressure work. Taking the above results, we have 150 X 1 .7 = 255 
B. T. U. as the efficiency of an average cast-iron or pipe radiator. 
This, for convenient use, may be taken as 250. A circulation coil 
made up of pipes from 1 to 2 inches in diameter, will easily give off 
300 B. T. U. under the same conditions; and a cast-iron wall radiator 
with ample space back of it should have an efficiency equal to that 
of a wall coil. While overhead coils have a higher efficiency than 
cast-iron radiators, their position near the ceiling reduces their effec- 
tiveness, so that in practice the efficiency should not be taken over 
250 B. T. U. per hour at the most. Tabulating the above we have: 

TABLE XIII 
Efficiency of Radiators, Coils, etc. 



Type op Radiatinq Surface 


Radiation per Square Foot op Surface 

PER Hour 


Cast-iron Sectional and Pipe Radiators 
Wall Radiators 
Ceiling Coils 
WaU Coils 


250 B. T. U. 

300 

200 to 250 " 

300 " 
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If the radiator is for warming a room which is to be kept at a 
temperature above or below 70 degrees, or if the steam pressure is 
greater than 3 pounds, the radiating surface may be changed in the 
same proportion as the difference in temperature between the steam 
and the air. 

For example, if a room is to be kept at a temperature of 60**, the 
efficiency of the radiator becomes {il X 250 = 267; that is, the 
efficiency varies directly as the difference in temperature between the 
steam and the air of the room. It is not customary to consider this 
unless the steam pressure should be raised to 10 or 15 pounds or the 
temperature of the rooms changed 15 or 20 degrees from the normal. 

From the above it is easy to compute the size of radiator for any 
given room. First compute the heat loss per hour by conduction and 
leakage in the coldest weather; then divide the result by the effi- 
ciency of the type of radiator to be used. It is customary to make the 
radiators of such size that they will warm the rooms to 70 degrees in 
the coldest weather. As the low-temperature limit varies a good deal 
in different localities, even in the same State, the lowest temperature 
for which we w^ish to pi-ovide must be settled upon before any calcu- 
lations are made. In New P^ngland and through the Middle and 
Western States, it is usual to figure on warming a building to 70 
degrees when the outside temperature is from zero to 10 degrees 
below. 

The different makers of radiators publish in their catalogues, 
tables giving the square feet of heating surface for different styles and 
heights, and these can be used in determining the number of sections 
required for all special cases. 

If pipe coils are to be used, it becomes necessary to reduce square 
feet of heating surface to linear feet of pipe; this can be done by means 
of the factors given below. 



Square feet of heating surface X -" 



3 = linear ft. of 1 -in. pijje 

2.3 = " " IJ-in. " 

2 = " " IJ-in. " 

1.6 = " "2 -in. " 



The size of radiator is made only sufficient to keep the room 
warm after it is once heated ; and no allowance is made for warming 
up] that is, the heat given off by the radiator is just equal to that lost 
through walls and windows. This condition is offset in two ways — 
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first, when the room is cold, the difference in temperature between 
the steam and the aiy of the room is greater, and the radiator is more 
efficient; and second, the radiator is proportioned for the coldest 
weather, so that for a greater part of the time it is larger than neces- 
sary. 

EXAMPLES FOR PRACTICE 

1 . The heat loss from a room is 25,000 B. T. U. per hour in 
the coldest weather. What size of direct radiator will be required? 

Ans. 100 square feet. 

2. A schoolroom is to be warmed with circulation coils of IJ- 
inch pipe. The heat loss is 30,000 B. T. U. per hour. What length 
of pipe will be required? Ans. 230 linear feet. 

Location of Radiators. Radiators should, if possible, be placed 
in the coldest part of the room, as under windows or near outside 
doors. In living rooms it is often desirable to keep the windows free, 
in which case the radiators may be placed at one side. Circulation 
coils are run along the outside walls of a room under the windows. 
Sometimes the position of the radiators is decided by the necessary 
location of the pipe risers, so that a certain amount of judgment must 
be used in each special case as to the best arrangement to suit all 
requirements. 

Systems of Piping. There are three distinct systems of piping, 
known as the two-pipe system, the one-pipe relief system, and the one- 
pipe circuit system, with various modifications of each and combina- 
tions of the different systems. 

Fig. 23 shows the arrangement of piping and radiators in the 
two-pipe system. The steam main leads from the top of the boiler, 
and the branches are carried along near the basement ceiling. Risers 
are taken from the supply branches, and carried up to the radiators 
on the different floors; and return pipes are brought down to the 
return mains, which should be placed near the basement floor below 
the water-line of the boiler. Where the building is more than two 
stories high, radiators in similar positions on different floors are con- 
nected with the same riser, which may run to the highest floor; and a 
corresponding return drop connecting with each radiator is carried 
down beside the riser to the basement. A system in which the main 
horizontal returns are below the water-line of the boiler is said to 
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have a wet or sealed return. If the returns are overhead and above the 
water-line, it is called a dry return. Where the steam is exposed to 
extended surfaces of water, as in overhead returns, where the con- 
densation partially fills the pipes, there is likely to be cracking or 
water-hammer, due to the sudden condensation of the steam as it 
comes in contact with the cooler water. This is especially noticeable 
when steam is first turned into cold pipes and radiators, and the con- 
<lensation is excessive. \Vhen dry returns are used, the pipes should 
be large and have a good pitch toward the boiler. 

In the case of sealed returns, the only contact between the steam 




Fig. 23. Arraneement ol Piping and RatUatora In "Two- Pipe" Syi 



and standing water is in the vertical returns, where the exposed sur- 
faces are very small (being equal to the sectional area of the pipes), 
and trouble from water-hammer is practically done away with. Dry 
returns should be given an incline of at least 1 inch in 10 feet, while 
for wet returns 1 inch in 20 or even 40 feet is ample. The ends of all 
steam mains and branches should be dripped into the returns. If the 
return is sealed, the drip may be directly connected as shown in Fig. 
24; but if it is dry, the connection should be provided with a siphon 
loop as indicated in Fig. 25. The loop becomes filled with water, 
and prevents steam from flowing directly into the return. As the 



HEATING AND VENTILATION 



51 



Waie-r 



Ret,>xrYi 



P. 

I 
Q 



& 



Fig. 24. Drip from Steam Main Connected Directly 

to Sealed Return. 



condensation collects in the loop, it overflows into the return pipe and 
is carried away. The return pipes in this case are of course filled with 
steam above the water; but it is steam which has passed through 
the radiators and their return connections, and is therefore at a 

slightly lower pressure; steetrr. m^^t. 

so that, if steam were ad- B ^ 

mitte^ directly from the 
main, it would tend to 
hold back the water in 
more distant returns and 
cause surging and crack- 
ing in the pipes. Some- 
times the boiler is at a 
lower level than the basement in which the returns are run, and it then 
becomes necessary to establish a false water-line. This is done by 
making connections as shown in Fig. 2G. 

It is readily seen that the return water, in order to reach the 
boiler, must flow through the trap, which raises the water-line or 
seal to the level shown by the dotted line. The balance pipe is to 
equalize the pressure above and below the water in the trap, and 
prevent siphonic action, which would tend to drain the water out of 
the return mains after a flow was once started. 

The balance pipe, when possible, should be 15 or 20 feet in 
length, with a throttle-valve placed near its connection with the 

main. This valve 
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should be opened just 
enough to allow the 
steam-pressure to act 
upon the air which oc- 
cupies the space above 
the water in the trap; 
but it should not be 
opened sufficiently to 
allow the steam to 
enter in large volume and drive the air out. The success of this 
arrangement depends upon keeping a layer or cushion of cool air 
next to the surface of the water in the trap, and this is easily done 
by following the method here described. 




Fig. 25. Use of Siphon in Connecting Drip from Steam 
Main to a ••Dry" Return. 
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One-Pipe Relief System. In this system of piping, the radiators 
have but a single connection, the steam flowing in and the condensa- 
tion draining out through the same pipe. Fig. 27 shows the method 
of running the pipes for this system. The steam main, as before, 
leads from the top of the boiler, and is carried to as high a point as the 
basement ceiling will allow; it then slopes downward with a grade 
of about 1 inch in 10 feet, and makes a circuit of the building or a 
portion of it. 

Risers are taken from the top and carried to the radiators above, 
as in the two-pipe system; but in this case, the condensation flows 
back through the same pipe, and drains into the return main near the 

floor through 
drip connections 
which are made 
at frequent in- 
tervals. In a 
two-story build- 
ing, the bottom 
of each riser to 
the second floor 
is dripped; and 
in larger build- 
ings, it is cus- 
tomary to drip 
each riser that 
has more than 
one radiator con- 
nected with it. If the radiators are large and at a considerable dis- 
tance from the next riser, it is better to make a drip connection for 
each radiator. When the return main is overhead, the risers should 
be dripped through siphon loops; but the ends of the branches 
should make direct connection with the returns. This is the reverse 
of the two-pipe system. In this case the lowest pressure is at the 
ends of the mains, so that steam introduced into the returns at these 
points will cause no trouble in the pipes connecting between these and 
the boiler. 

If no steam is allowed to enter the returns, a vacuum will be 
formed^ and there will be no pressure to force the water back to the 




Fig. 26. 



Connections Mnde to Establish "False** Water-Line 
when Boiler Is below Basement LeveL 
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boiler. A check-valve should always be placed in the main return 




Fig 37 Arrftngement ot Piping and Radiators In "One Pipe Itollel STstem. 

near the boiler, to prevent the water from flowing out in case of a 
vacuum being fonned suddenly in the pipes. 




There is but httle difference in the cost of the two systems, as 
larger pipes and valves are required for the smgle-pipe method 
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With radiators of medium size and properly proportioned connections, 
the single-pipe system in preferable, there being but one valve to 
operate and only one-half the number of risers passing through the 
lower rooms. 

On^-Pipe Circuit System. In this case, illustrated in Fig. 28, the 
steam main rises to the highest point of the basement, as before; and 
then, with a considerable pitch, makes an entire circuit of the build- 
ing, and again connects with the boiler below the water-line. Single 

risers are taken 
from the top; and 
the 'condensa- 
tion drains back 
through the 
same pipes, and 
is carried along 
with the flow of 
steam to the ex- 
treme end of the 
main, where it is 
returned to the 
boiler. The 
main is made 
large, and of 
the same size 

throughout its entire length. It must be given a good pitch to insure 
satisfactor\* results. 

One objection to a single-pipe system is that the steam and letum 
water are flowing in opposite directions, and the risers must be made 
of extra large size to prevent any interference. This is overcome in 
large buildings by carrying a single riser to the attic, large enough 
to supply the entire building; then branching and running "drops" 
to the basement. In this system the flow of steam is downward, as 
well as that of water. This methoil of piping may be used with good 
results in two-pipe systems as well. Care must alwa\-s be taken that 
no pockets or low points occur in any of the lines of pipe; but if for 

anv reason thev cannot be avoideil, thev should l>e carefullv drained. 

• • • • 

A mtxlification of this system, adapting it to large buildings, is 
shown in diagram in Fig. 29. The riser shown in thb case b one of 
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several, the number depending upon the size of the building; and 
may be supplied at either bottom or top as most desirable. If steam 
is supplied at the bottom of the riser, as shown in the cut, all of the 
drip connections with the return drop, except the upper one, should 





rig. aa. ■Two-Plpe" connection ol Rsdla- Fig. tl. 
tor to Riaer and Return. 

be sealed with either a siphon loop or a check-valve, to prevent the 
steam from short-circuiting and holding back the condensation in the 
returns above. If an overhead supply is used, the arrangement 
should be the reverse; that b, all return connections should be sealed 
except the lowest 

Sometimes a separate drip is carried down from each set of 
radiators, as shown on the lower story, being connected with the 
mun return below the water-line of the 
boiler. In case this is done, it is well to 
provide a check-valve in each drip below 
the water-line. 

In buildings of any considerable size, 
it is well to divide the piping system into 
sections by means of valves placed in the 
corresponding supply and return branches. 
These are for use in case of a break in 
any part of the system, so that it will be 
necessary to shut off only a small part of 
the heating system during repairs. In tall buildings, it is customary 
to place valves at the top and bottom of each riser, for the same 
purpose. 

Radiator Connections. Figs. 30, 31, and 32 show the commoo 
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methods of making connections between supply pipes and radiators. 
Fig. 30 shows a two-pipe connection with a riser; the return is carried 
down to the main below. Fig. 31 shows a single-pipe connection 
with a basement main; and Fig. 32, a single connection with a riser. 

Care must always be taken to make the horizontal part of the 
piping between the radiator and riser as short as possible, and to give 
it a good pitch toward the riser. There are various ways of making 
these connections, especially suited to different conditions; but the 
examples given serve to show the general principle to be followed. 

Figs. 20, 21, and 22 show the common methods of making steam 
and return connections with circulation coils. The position of the 
air-valve is shown in each case. 

Expansion of Pipes. Cold steam pipes expand approximately 
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Fig. 83. Elevation and Plan of Swivel- Joint to Counteract Effects of Expansion and 

Contraction In Pipes. 

1 inch in each 100 feet in length when low-pressure steam is turned 
into them; so that, in laying out a system of piping, we must arrange 
it in such a manner that there will be sufficient "spring" or "give" to 
the pipes to prevent injurious strains. This is done by means of off- 
sets and bends. In the case of larger pipes this simple method will 
not be sufficient, and swivel or slip joints must be used to take up the 
expansion. 

The method of making up a swivel-joint is shown in Fig. 33. 
Any lengthening of the pipe A will be taken up by slight turning or 
swivel movements at the points B and C A slip-joint is shown io 
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Fig. 34. The part c slides inside the shell d, and is made steam- 
tight by a stuflfing-box, as shown. The pipes are connected at the 
flanges A and B. 




diameter from J to 1 inch greater than the pipe. Fig. 35 shows a 
form of adjustable floor-sleeve 
which may be lengthened or 
shortened to conform to the 
thickness of floor or partition. 
If plain sleeves are used, a 
plate should be placed around 





Pipe through Floor or Partltloo. Floor or Partition. 

the pipe where it passes through the floor or partition. These are 
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made in two parts so that they may be put in place after the pipe l 
hung. A plate of this kind is shown in Fig. 36. 
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Valves. The different styles commonly used for radiator con- 
nections are shown in Figs. 37, 38, and 39, and are known as angle, 
offset, and comer valves, respectively. The first ts used when the 
radiator is at the top of a riser or when the connections are like those 
shown in Figs. 30, 31, and 32; the second is used when the connectum 




D Horizontal Steam Sapply 



between the riser and radiator is above the floor; and the third, when 
the radiator has to be set close in the comer of a room and there is not 
space for the usual connection, 

A gUibe valve should never be used in a horizontal steam supply 
or dry return. The reason for this is plwnly 
shown in Fig. 40. In order for water to flow 
through the valve, it must rise to a hei^t 
shown by the dotted line, which would half 
fill the pipes, and cause serious trouble from 
water-hammer. The gate valve shown in 
Fig. 41 does not have this undesirable feap 
ture, as the opening is on a level with the 
bottom of the pipe. 





Flg.4t. QateValve. Fig. 42. SlmplBBt Form of Air- Valve. Operated by Band 

Air-Valves, ^'alves of various kinds are used for freeing the 
radiators from air when steam is turned on. Fig. 42 shows the 
simplest form, which is operated by hand. Fig. 43 is a type of auto- 
matic valve, consisting of a shell, which is attached to the radiator, 
f >s a small opening which may be closed by the spindle C, which 
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is provided with a conical end. D is a strip composed of a layer of 
iron or steel and one of brass soldered or brazed together. The 
action of the valve b as follows : 
when the radiator is cold and filled 
with air the valve stands as shown 
in thecut. When steam is turned 
on, the air is driven out through 
the opening B. As soon as this 
is expelled and steam strikes the 
strip D, the two prongs spring 
apart owing to the unequal ex- 
pansion of the two metals due to 
the heat of the steam. This 
raises the spindle C, and closes 
the opening so that no steam can 
escape. If air should collect in 
the valve, and the metal strip 
become cool, it would contract, 
and the spindle would drop and 
allow the air to escape through B 
as before. E is an adjusting nut. i^ is a float attached to the spindle, 
and is supposed, in case of a sudden rush 
of water with the air, to rise and close the 
opening; this action, however, Is some- 
what uncertain, especially if the pressure 
of water continues for some time. 

There areother types of valves acting 
on the same principle. The valve shown 
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in Fig. 44 is closed by the expansion of a piece of vulcanite instead 
of a metat strip, and has no water float. 



5, 13 Radiator Antomatlc Air Valve, 
perated by Metal Strip D Coualsttog 
of Two Pieces of Metal of Ooequal 
ExpaoalTS power. 
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The valve shown in Fig. 45 acts on a somewhat different prin- 
ciple. The float C is made of thin brass, closed at top and bottom, 
and is partially filled with wood alcohol. When steam strikes the 
float, the alcohol is vaporized, and creates a pressure sufficient to 
bulge out the ends slightly, which raises the spindle and closes the 
opening B. 

Fig. 46 shows a form of so-called vacuum valve. It acts in a 
similar manner to those already described, but has in addition a 
ball check which prevents the air from being 
drawn into the radiator, should the steam go 
down and a vacuum be formed. If a partial 
vacuum exists in the boiler and radiators, the 
boiling point, and consequently the tempera- 
ture of the steam, are lowered, and less heat is 
given off by the radiators. This method of 
operating a heating plant is sometimes advo- 
cated for spring and fall, when little heat is re- 
quired, and when steam under pressure would 
overheat the rooms. 

Pipe Sizes. The proportioning of the steam 
pipes in a heating plant is of the greatest im- 
portance, and should be carefully worked out 
I by methods which experience has proved to be 
Pig.«. Vacuum Valve, corrcct. There are several ways of doing this; 
but for ordinary conditions. Tables XIV, XV, 
and XVI have given excellent results in actual practice. Tliey 
have been computed from what is known as D'Arcy's formula, with 
suitable corrections made for actual working conditions. As the 
computations are somewhat complicated, only the results will be pven 
here, with full directions for their proper use. 

Table XIV gives the flow of steam in pounds per minute for 
pipes of different diameters and with varying drops in pressure be- 
tween the supply and discharge ends of the pipe. These quantities 
are for pipes 100 feet in length; for other lengths the results must be 
corrected by the factors given in Table XVI. As the length of pipe 
increases, friction becomes greater, and the quantity of steam di* 
chained in a given time is diminished. 

Table XIV is computed on the assumption that the drop in 
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TABLE XIV 

Flow of Steam in Pipes of Various Sizes, witli Various Drops in Pres- 
sure between Supply and !>iscliars:e Ends 

Calculated for 100-Foot Lengths of Pipe 



o 



1 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 



Drop in Pressure (Pounds) 



H 



.44 
.81 
1.06 
2.93 
5.29 
8.61 
12.9 
18.1 
32.2 
51.7 
76.7 
108 
147 
192 
305 
535 



14 


H 


1 


.63 


.78 


91 


1.16 


1.43 


1.66 


1.89 


2.34 


2.71 


4.17 


5.16 


5.99 


7.52 


9.32 


10.8 


12.3 


15.2 


17.6 


18.3 


22.6 


26.3 


25.7 


31.8 


36.9 


45.7 


56.6 


65.7 


73.3 


90.9 


106 


109 


135 


157 


154 


190 


222 


209 


258 


299 


273 


339 


393 


434 


537 


623 


761 


942 


1,090 



IM 



1.13 
2.05 
3.36 
7.43 
13.4 
21.8 
32.5 
45.8 
81.3 
131 
194 
274 
371 
487 
771 
1,350 



1.31 
2.39 
3.92 
8.65 
15.6 
25.4 
37.9 
53.3 
94.7 
152 
226 
319 
432 
567 
899 
1,580 



1.66 
3.02 
4.94 
10.9 
19.7 
32 
47.8 
67.2 
120 
192 
285 
402 
545 
715 
1,130 
1,990 



1.97 
3.59 
5.88 
13.0 
23.4 
31.8 
56.9 
80.1 
142 
229 
339 
478 
649 
852 
1,350 
2,370 



2.26 
4.12 
6.75 
14.9 
26.9 
43.7 
65.3 
91.9 
163 
262 
390 
549 
745 
977 
1,550 
2,720 



pressure between the two ends of the pipe equals the initial pressure. 
If the drop in pressure is less than the initial pressure, the actual 
discharge will be slightly greater than the quantities given in the table; 

TABLE XV 

Factors for Calculating Flow of Steam in Pipes under Initial Pres- 
sures above Five Pounds 

To be used in connection with Table XIV 



Drop in 

Prraattrr 


Initial Pressure (Pounds) 


IN Pounds 


10 


20 


30 


40 


60 


80 


! 

1 

2 
3 
4 
5 


1.27 
1.26 
1.24 
1.21 
1.17 
1.14 
1.12 


1.49 
1.48 
1.46 
1.41 
1.37 
1.34 
1.31 


1.68 
1.66 
1.64 
1.59 
1.55 
1.51 
1.47 


1.84 
1.83 
1.80 
1.75 
1.70 
1.66 
1.62 


2.13 
2.11 
2.08 
2.02 
1.97 
1.92 
1.87 


2.38 
2.36 
2.32 
2.26 
2.20 
2.14 
2.09 



but this difference will be small for pressures up to 5 pounds, and may 
be neglected, as it is on the side of safety. For higher initial pressures, 
Table XV has been prepared. This is to be used in connection with 
Table XIV as follows : First find from Table XIV the quantity of 
steam which will be discharged through the given diameter of pipe 
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tion in connection with the open-tank system, the radiators must be 
deeper than for steam heating, in order properly to heat the air. 

The greater depth retards the flow of air; and since the water is at 
a much lower temperature than steam, the heating capacity of indirect 
extended-surface hot-water radiators should be taken at not far from 
800 heat units per square foot per hour, as against 400 or more heat 
units for indirect steam radiation. 

To compute the amount of radiation required, proceed as ex- 
plained for indirect steam heating; that is, compute the amount of 
direct radiation as pointed out under the preceding heading, then add 
not less than 60 per cent to this amount, to ascertain the indirect radi- 
ating surface required. 

This method, though perhaps crude, has the advantages of being 
simple and of affording a check on the work, since one soon knows 
by experience about what the ratio should be to heat a room of given 
size by direct radiation. For example, take a room with 3000 cubic 
feet, to heat which the ratio for direct radiation should be, say, 1 square 
foot to 30 cubic feet, giving a 100-square foot radiator. Adding 60 
per cent for indirect radiation, gives 160 square feet, or a ratio of 1 
square foot to a little less than 20 cubic feet of space. 

Indirect hot-water radiators with extended pins or ribs will, with 
the open-tank system, give off not far from 250 to 300 heat units per 
hour per square foot of extended surface. 

DUCTS AND FLUES 

Areas of Ducts and Flues. When indirect radiation is installed 
primarily for heating, ventilation being a secondary consideration, 
it is desirable to make the flues somewhat smaller in proportion to the 
heating surface than is done with steam heating. If the flues are made 
too large, the flow through the radiators will be too rapid, and the air 
will not get hot enough. It costs far more in fuel to heat with a large 
volume of moderately warmed air than with a smaller volume of hotter 
air. 

Duct and flue proportions for hot-water heating should be approx- 
imately as follows: — Cold-air ducts, J to 1 sq. in. per sq. ft. of in- 
direct radiating surface; first-floor flues.. IJ to li sq. in. per sq. ft.; 
second-floor flues, 1 to 1 \ sq. in. per sq. ft. ; third-floor flues and above, 
J to 1 sq. in. per sq. ft. of surface. 
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The backs and sides of flues in exposed walls should be covered 
with non-conducting material. 

Flue Velocities. The flue velocities will be somewhat lower than 
with steam heating, because of the lower temperature of the air. 
Reasonable allowance would be 250, 350, 400, and 450 feet per minute 
for the first, second, third, and fourth floors respectively. 

Heating Water. The size of heater or steam coil necessary to 
heat water may be very readily determined on the heat-unit basis, if 
one knows the volume of water to be heated, the number of degrees 
its temperature is to be raised, and the time during which the heating 
must be done. 

For example, what size of heater would be required to heat 300 
gallons of water in 6 hours from 60° to 160°? 

In one hour 50 gals, would be heated 100° F.; and since one gal. 
weighs 8§ lbs., 50 X 8J X 100 = 41,667 heat units would be required. 

Small heaters may be counted on to transmit to the water about 
7000 heat units per pound of coal burned. The rate of combustion 
should be assumed to be from 3 to 6 pounds per square foot of grate 
per hour, according to the amount of attendance it is convenient to 
give. 

With a 4-pound rate, 28,000 heat units would be furnished per 
square foot of grate surface per hour for heating the water. Therefore 
the heat units per hour necessary to raise the temperature of the water — 
VIZ., 41,667— divided by 28,000, gives the number of square feet of 
grate surface required, which is equal to about 1 J corresponding to a 
diameter of 16J inches. 

To determine the size of steam boiler and coil required to heat a 
large volume of water in a tank, proceed as follows: Take, for ex- 
ample, a 24,000-gaUon tank, the water in which is to be heated from 
45° to 75° in 10 hours. Now 24,000 gals. X 8J pounds X 30° rise in 
temperature = 6,000,000 heat units, or 600,000 heat units per hour. 

Assuming 8000 heat units to be utilized per pound of coal burned 
at, say, a 7i-pound rate, one square foot of grate will supply 60,000 heat 
units per hour; hence, 10 square feet of grate surface will be required. 

There will, however, be a certain loss of heat from the tank by 
radiation, conduction, and evaporation; therefore, not less than, say, 
12 square feet should be used in order to provide a reasonable margin. 

As to the size of steam coil required, a square foot of pipe surface 



218 



64 STEAM AND HOT WATER FITTING 

surrounded by circulating water may be assumed to transmit to the 
water not far from 100 heat units per degree difference in temperature 
between the steam and the water in contact with the pipe. 

Assume the steam temperature to be 230°, corresponding to a 
trifle more than 5 pounds gauge pressure. When the water in the tank 
Ib cold, the condensation of steam in the coil will be much more rapid 
than when the surrounding water becomes warmer. The average 
temperature of the water during the 10-hour period is 60°; but the 
water leaving the pipe and in contact with the upper half of its surface 
is at a considerably higher temperature than the main body of water 
in the tank; therefore, with natural circulation, it is well to make ample 
allowance for the effect of this skin of warm water surrounding the 
steam coils, and to assume that they will not give off more than J as 
much heat as that corresponding to the difference in temperature be- 
tween the steam and the water in the tank, based on 100 heat units per 
degree difference as stated above. 

In other words, allow only 66 J — or, in round numbers, 70 — heat 
units per hour per degree difference in temperature between the steam 
and the water in the tank. 

If the difference in temperature is 230°— 70°= 160°, on the 
basis stated, one square foot of coil would give off 70 X 160 = 11,200 
heat units per square foot per hour; and since 600,000 heat units must 
be supplied to the water, a 53-square foot coil or slightly larger would 
be required, eijual to about 122 ft. of 1 J-inch pipe 
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PLUMBING 

PART I 



Plumbing occupies an imj)ortant position among the trades as 
an application of Sanitary Science. 

Sanitary science is defined by an eminent authority* as "that 
body of hygienic knowledge, which, having been sufficiently and 
critically examined, has been found so far as tested to be invariably 
true. Its phenomena are natural phenomena; its laws are natural 
laws; its principles are scientific principles." 

The same authority defines the sanitary arts as "those methods 
and processes by which the applications of the principles of sanitary 
science are effected," and would include plumbing with other practical 
arts of construction involved in sanitary engineering and architecture. 

Having thus noted the position occupied in this broad field by 
the matters under consideration, we may define plumbing as the art 
of plaxdng in buildings the pipes and other apparatus used for intro- 
ducing the water supply and removing the foul wastes. 

Historically, the plumber is primarily one who works in lead; 
but this definition would be a misnomer applied to the handicraftsman 
of to-day. WTiile in time past, and even within the memory and 
practice of men now working at the trade, it suited the occupation 
designated as plumhing^ the term "plumber" survives the transition 
from lead to iron more by reason of established usage than from its 
fitness to indicate the workman of the present. 

Two score of years ago, traps and soil, waste, and supply pipes 
were in many localities almost wholly of lead ; and much of the larger 
pipe was hand-made. Lead was then everywhere more frequently 
used for all these purposes than it is anywhere in the country now. 
To-day, first-class plumbing is possible in any type of building with- 
out employing a vestige of lead, and that, too, with fixtures and fittings 
regularly on the market. Lead, however, is still used to a marked 
extent in plumbing, principally for traps, pipe connections, calked 
joints, water-service pipes, tank linings, flashings, etc. Its retention 
for these secondary purposes is due generally to superior fitness; yet 

• The I^incipUi of Sanitary Science, by Wm. T. Sedgwick. 
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in some instances it is because of the style of connection provided on 
certain fixtures, or for other reasons independent of the merits of the 
metal. On the whole, its loss of prestige has been slow and impartial. 
Indeed, those manually skilled in the manipulation of lead have often 
opposed the adoption of other materials sufficiently to retard sub- 
stitution of the better material. 

Lead has unequaled merit for plumbers' use in specific instances; 
and if the trade has sufl'ered by injudicious substitution of other 
material during its rapid evolution in recent years, time will adjust 
the error as the fitness of lead becomes apparent. For serv^ice lines 
in the ground, no other material lasts longer or gives more satb- 
faction than lead, provided the use of lead is safe with the particular 
water which flows through it. For cold-water lines inside buildings, 
it answers well. Wood tanks properly lined with lead are, in many 
cases, the best for indoor storage. 

Lead pipe is not self-supporting in any position, in the sense 
that iron or brass may be considered so; and the providing of reason- 
ably permanent support for lead work is an expensive item. Lead 
pipe costs more than iron or brass, in every case; and the cost increases 
proportionately with the extra weight necessary for all but very light 
pressures. Furthermore, the ordinary merchant's iron pipe, or 
seamless brass pipe of iron-pipe size and thickness, will withstand 
the pressure used on any municipal or private water supply in 
America. 

Lead does not serve well for hot water. The contraction while 
cooling appears not to equal the expansion from heating; hence the 
pipe deteriorates at the hottest points, usually showing weakness 
first near the reservoir in the kitchen, especially at bends, and finally 
crystallizing beyond repair at those points. So much trouble has 
been experienced with stove and range connections of lead, that lead 
pipe for this purpose has been entirely abandoned, though lead 
connections have prevented disastrous water-back explosions by 
melting from heat conducted, while the remainder of pipe and storage 
tank were yet frozen. The sensible adoption of iron and brass for 
hot water has led to the use of these metals in both hot and cold 
service lines. 

With reference to the action of frost, lead pipe has an advantage 
in that the diametrical expansion of the water when freezing does not 



218 



PLUMBING 3 

burst the pipe at the point frozen, unless it has been repeatedly swelled 
from the same cause. Lateral extension of the core of ice in the 
portion frozen, crowds the water which it cannot compress; and, as 
the ice is frozen to the wall of the pipe, the weakest place ruptures. 
Sometimes a faucet ball will be driven in, and occasionally a coupling 
collar will be stripped of its threads; but usually room is made for the 
extria volume of the water by the pipe swelling to an egg-shape and 
bursting at one point. Such a break can be repaired by wiping a 
single patch or joint on the original pipe. 

Frost breaks in lead pipe nearly always occur on the house side 
of the point frozen, because the water in the street end is easily driven 
toward the main. Air-chambers on the house service would and do 
often obviate the bursting of lead pipe; but where the type of faucets 
or a limited pressure does not require their use in order to prevent 
reaction, plumbers frequently omit them, under the impression that 
air-chambers can serve no other good purpose. 

With iron pipe, frost breaks are more serious. Diametrical 
expansion splits the pipe at the point frozen every time freezing 
occurs; and lateral extension of the ice staves in the faucet stems, 
etc., quite or more frequently than would happen with lead pipe under 
the same conditions. Of late years, the improvement in types of 
buildings, more careful provision against frost on the part of plumbers, 
and the vigilance of the Weather Bureau in giving warning of ap- 
proaching cold snaps, have made insignificant the amount of damage 
by frost in both kinds of pipe. 

Lead pipe, as a rule, requires less trench work on ground lines 
than iron pipe, because drilling, even if very poorly aligned, will often 
suffice to get the pipe in place. There are numerous instances, how- 
ever, where longer stretches of iron pipe have been placed in drilled 
holes than would be practicable with lead at the same excavating 
cost. It is well to remember that any small line of house service in 
the ground should be placed deeper, so far as immunity from frost 
alone is concerned, than is necessary for the protection of large pipes 
in the same locality, because the volume of contents in house pipes is 
small, the wall surface of the pipe relatively large, and the flow of the 
water not so regularly maintained. 

The action of natural waters on lead has been a matter of wide 
discussion by able men. The subject of possible contamination of 
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water supply through the agency of lead conduits, is too broad, how- 
ever, for full consideration here, and will therefore be but briefly 
touched upon. This trait of lead has been voiced against its use, 
with more or less effect; but known cases of poisoning from this 
source have been exceedingly rare. Galvanized-iron pipe charges 
the water with salts of zinc when the water contains certain impurities; 
and most other kinds of pipe are also more or less open to objection 
at times by reason of their injurious effect on the water, the staining 
of fixtures, etc. Some of the salts of lead formed by the agency of 
water conveyed through lead supply pipe, are protective. Others, 
without doubt — fortunately of rare occurrence in actual practice — are 
corrosive. Sulphate or phosphate of lime, in solution, will part with 
its acid in passing through lead pipe, the acid combining with a new 
base (lead) and forming sulphate or phosphate of lead as the case 
may be. Chloride, sulphate, nitrate, borate, and other compounds of 
lead, may be similarly formed. These incrust the pipe; and such of 
them as are practically insoluble in water protect the lead from further 
attack, thus preserving the quality of the water. Carbonate, sulphate, 
and phosphate of lead, which doubtless form most frequently in lead 
water pipes, belong to the protective class. Of course, not all the 
compounds mentioned are encountered in any one source of supply. 
Chemical compounds designed to produce an insoluble incrustation 
have sometimes been purposely placed in solution, and allowed to 
stand in systems of lead supply pipe where it was known that the 
water to be commonly used w^ould otherwise be dangerously corrosive. 
In view of the possibility of such precautionary measures, the dele- 
terious effect of lead on many water supplies, and the consequent 
menace to health if lead were used indiscriminately, could hardly alone 
to any appreciable extent result in the substitution of pipe of other 
material. 

Lead has been thus dwelt upon at the outset, because the industry 
of plumbing itself derived its name from this metal {Plumbum, Latin 
for "lead"). A discussion sufficient to define broadly the present and 
past status of the metal in the plumbing business, is certainly apropos 
in this connection. To many persons, the terra "Plumbing" sug- 
gests lead and lead work generally, without regard to its distinctive 
forms, some of which are quite foreign to the ordinary trade meaning. 
To those acquainted with the building practices of Europe, visions of 
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lead-covered roofs and spires, rainwater heads, etc., in addition to 
manifold other uses of the metal not common in America, may come 
to view in the mind's eye when "plumbing" is mentioned. To Ameri- 
can plumbers of the past generation, "plumbing*' suggested stacks of 
hand-made lead soil and waste pipe; hand-made lead traps; lead 
"safe" pans cumbersomely boxed-in under fixtures; ridiculously 
small lead ventilation pipes; lead drip-trays; lead supply pipes 
(sometimes also hand-made); all "wiped" joints and seams; and 
blocks, flanges, braces, boards, and boxes galore, jutting out in pro- 
fusion, for supports, covering, etc. 

In reality, we in America have now but little of what the name 
"plumbing" would lead the uninitiated to expect. Stacks of plain or 
galvanized wrought-iron pipe, or of plain, tarred, or galvanized cast- 
iron pipe, of weight to suit the height of building and to serve as main 
soil, waste, and ventilation pipes, with sundry lead bends and ends for 
fixture connections — these, with galvanized wrought-iron or brass pipes 
for supply, constitute the "roughing-in" stage of a job of plumbing; 
while painted or bronzed main lines exposed to view, galvanized-iron 
and nickel-plated brass pipe, with fixtures, partitions, etc., make up a 
view of the finished work, conveying little idea of the functions and 
importance of the unseen portions. Finished work in an unpreten- 
tious dwelHng or storehouse, when properly charted, is fairly easy for 
even the house-man to understand. In large apartment and office 
buildings, department stores, etc., however, the plumbing, ventilating, 
gasfitting, heating, and automatic sprinkler pipes and electric con- 
duits, make, in any but the finished state, a maze of pipe beyond the 
understanding of any except engineers well versed in those lines of 
work. In the completed work, the details are concealed. The toilet 
rooms present an orderly perspective of closets, lavatories, or other 
fixtures, as the case may be, with simple connections according with 
the customary finish, kind, or purpose of the pipe. 

This apparent harmony, proportion, and simplicity in the result, 
coupled with a memory of sundry glimpses of a confusion of pipes in 
the rough state, has, it is to be regretted, propagated in many minds, 
a sense of false security regarding plumbing, based on the assumption 
of the plumber's evident ability to produce order and perfect service 
out of what in the "roughing-in" stage looked chaotic to a hopeless 
degree. The bulk of plumbing work, however, is not of the "sky- 
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scraper" class, nor is it handled by the same type of skill and superin- 
tendence. Any feeling of confidence or sense of security on the part of 
the public, is treacherous if based on the assumption that only by a 
degree of skill in direct proportion to the size of the job can satis- 
factory plumbing service be provided in residential and other small 
buildings. There is evidence of a somewhat indifferent state of the 
public mind regarding the plumber and his work, induced by the 
reasons stated and also by lack of due consideration and appreciation 
of conditions wrought by progress in other trades. 

Plumbing, in its advancement, is merely keeping pace with the 
allied lines on which it is dependent. Their progress has created new 
conditions to be met; and as the future plumber will hail from the 
ranks of the populace, the light in which the public regards the plumber 
and the importance of his trade will have no uncertain bearing on the 
character and earnestness of those who take up the calling. The 
rank and file of apprentices have already too long been attracted 
merely on the score of a promising means of livelihood. There is 
ample reason to begin a plumbing career with all the pride felt by 
followers of any other vocation. It is altogether improbable that any 
individual will be found with so much education or such promising 
ability as to give rise to just grounds of fear that plumbing will not 
offer him sufficient scope to acquit himself with dignity. 

The advent of tall buildings, the general increase in the height 
and other proportions of buildings in cities, and the changes in 
material and in design of fixtures, together with the abnormal demand 
resulting from the decreased cost, natural growth, and gradual awak- 
ening through education to the value of sanitary conveniences, have 
brought about a condition of affairs which the old-line plumbers were 
incapable of coping with, and which the old apprenticeship system 
was inadequate to provide men capable of dealing with in a creditable 
manner. The plumbing of one large building involves as much work 
as hundreds of the average small jobs put together. The handling 
of such work under the conditions that have prevailed, has developed 
a deplorable state of so-called "specialism." Men engaged in "rough- 
ing-in" a large job are likely to tell you with entire truthfulness that 
they have no idea what types of closets or other fixtures are to be used ; 
that they know nothing of the principles or merits of plumbing fix- 
tures, and do not need to; that they never connected a fixture in their 
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whole career; that the finishers do that kind of work. By further 
inquiry one would find the "finishers" utterly at sea in the work of 
"roughing-in," and accordingly ignorant of the whys and wherefores 
that govern the success of a job as a unit. These men, called "plumb- 
ers/' are exceedingly skilful and rapid within their limitations; but 
it is easy to infer the fate of a job intrusted to such hands alone, and 
in practice it has been proven that others of metropolitan practice, 
and merely lacking in variety of experience, were not capable of credit- 
able results on general residence work of the ordinary class. 

When the largest jobs were completed in a comparatively short 
time, and when much of the training which went to make up the 
plumber's accomplishments was credited to the manual practice neces- 
sary to master the working of lead and solder, a period of service in 
shop and job practice, coupled with oral instructions from the journey- 
man, served fairly well to make a plumber out of raw material within 
the period allotted by the American abridgment of the apprenticeship 
term. On the work of to-day, however, there would be great chances 
of an apprentice serving such a term without seeing anything of more 
than from two to five jobs. He would be lucky if it fell to his lot to 
get even a little experience in each of the natural divisions of those 
jobs; and again fortunate if those jobs happened not to have the same 
general layout or to employ identically the same make of fixtures, for 
there are many shops which seem to have the faculty of securing 
work from certain particular sources, and which are equally likely for 
one reason or another to be recommending and using, where possible, 
one particular make of goods to the exclusion of other kinds just as 
good or better. These and kindred features now met with on every 
hand in practice, are stumbling-blocks — ^prohibitive, in fact, of anyone 
learning the plumbing trade within any period of time that can sensibly 
be prescribed for the acquiring of a trade or profession. 

For more than a decade, the often-avowed reluctance of journey- 
men to teach apprentices has been held responsible for the trend of 
these affairs affecting the practice of the industry; but in the light of 
what has l^een said, it is easy to determine what it was that really intro- 
duced the Plumbing Correspondence School and Plumbing Trade 
Classes. It was necessity. Trade journals have done and are still 
doing good work in this line; but their best eflTorts, added to the oppor- 
tunities of practice, were insufficient. There was no other satisfactory 
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solution than the Correspondence School — ^no other route to the 
acquisition of principles and acquaintanceship with the accumulated 
information as to the relative merit or fitness of certain materials, 
designs, systems, etc., and as to the conditions under which this or 
that would serve well, while it might act just the reverse under other 
circumstances. . 

Under the present regime, it is not only apprentices and those 
who intend becoming such, but journeymen as well, that need to seek 
aid in the schools. The citizen at large, also, serves his own interest 
in informing himself in a general way at the same fountain, so as to 
be able to discriminate for himself in matters pertaining to plumbing. 
Furthermore, any real plumber would prefer that his customer should 
be familiar with the work in hand. Fewer misunderstandings occur 
when such is the case, and there is a keener appreciation of good 
work on one hand and a corresponding effort to merit approval on the 
other. There is, too, in favor of the plumber, when the customer is 
informed, an absence of those niggardly tactics of trying to secure 
much for little, of sacrificing quality and future satisfaction by reducing 
first cost below the safe limit. The well-informed customer never 
makes you feel that all plumbing is alike to him and a necessary evil 
to be paid for at rates far in excess of its value. 

With the foregoing introduction in mind let us look further into 
the subject and see what "Plumbing" really is. Whether we are 
actual or self-nominated apprentices, journeymen, masters, or the 
prospective customer himself, a view of the matter will be beneficial, 
if only in the sense of refreshing memory. 

There was a time when sanitary conveniences, crude in com- 
parison with the present, were considered mere luxuries. Under 
the present views of life and the conditions of living, we may with 
greater propriety consider these erstwhile luxuries as actual neces- 
sities, though they are often luxurious to a degree that dwarfs into 
insignificance other appointments which even then were granted to 
be essentials. Plumbing is, therefore, neither in fact nor in opinion, 
a matter of simple luxury for the rich and delicate, but is, rather, an 
important subject of deep salutary interest on the one hand and of 
business acumen on the other — a matter of essentials deeply affecting 
the best interests of our own health and that of our neighbors, with 
which mere sentiment has no ground for association. The time 
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when it was thought sufficient to fan out the mosquitoes in summer 
and break the ice in w inter at the family rain barrel in order to wash 
our faces and hands, has passed. A dwelling job may now embrace 
almost the entire range of plumbing fixtures. There is therefore 
no better example from which to build a word-picture of Plumbing. 

PLUMBING FIXTURES 

Bathtubs. Bathtubs are a prime factor in plumbing. They are 
of various t^^jes: — (1) Wooden cases, with sheet-metal lining, usually 
copper. Fig. 1 ; (2) all copper, steel-clad copper, and all steel, suitably 
mounted, as shown in Fig. 2 ; (3) cast iron, enameled, with a vitreous 
glaze fused on the iron, as in Figs. 4 and 5; (4) solid porcelain, potters' 
clay properly fired, with vitreous glaze fired on, as in Fig. 3; and (5) 
marble, variegated or otherwise, cut from the solid block. Their cost 
ranges in the order mentioned, but the types shown in Figs. 1 and 
2 are seldom used. 

The relative merit of the different materials and types is not so 
easily designated. Porcelain and marble baths are large, very heavy, 
and imposing-looking; and therefore are often selected on the score 
of massiveness, with a view to harmonizing with the dimensions and 
finish of the house. One would suppose the mass of material in such 
baths would have the effect of cooling the water to an annoying 
extent; but careful tests have revealed no appreciable difference 
in the effect of thin as compared with thick bathtubs on the warmth 
of water, and but little in their pleasantness of touch to the person. 
The bath of most pleasant touch was that of indurated wood 
fiber, which, however, had but little success, on account of its lack 
of stability. 

Most baths are made in from two to [five regular sizes, ranging 
from 4 to 6 feet in extreme length. The general shapes are the 
French, Fig. 3; the Modified French, Fig. 4; and the Roman, 
Fig. 5. The various French patterns have the waste and supply 
fittings at the foot, which is modified in form to accommodate them. 
The waste water travels the length of the tub to reach the outlet, and 
generally leaves scum and sediment on the interior while emptying. 
Baths of the French type are suited to corner positions, or to positions 
in which one side runs along the wall; but the ideal position for a 
bathtub, in the interest of cleanliness, is with the foot end to the wall, 
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Fig. I. Wooden C&se Bathtub, with Sheat-MeUl T.lntn g 
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thus permitting entrance from either side. A medium size is best 
suited to the usual provision for supplying hot water for bath pur- 
poses; and is also preferred by many because the feet reach the foot, 
eoabling a person, when submerging the body, to keep the head 




out of water, with the shoulders resting on the slant at the head of 
the tub. 

The rims of baths vary from IJ to 5 inches in width. The lai^r 
rims are easy on the person in getting in and out of the bath, and are 
often used in Heu of a bath seat. In iron baths with rims targe 
enough, the fittings are sometimes passed through the rim, as illus- 
trated in Fig. 6, thus giving them additional stability end making 




niturei Located 



the stated fixture lengtli include the whole space necessary for its 
installation. This style of bath fitting is shown in Fig. 7. 

Nominal sizes of baths now include the whole length of the fix- 
ture proper. Formerly many awkward mistakes resulted from lack 
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of uniformity, one not always knowing whether to consider the nominal 
size as inside measurement only or including twice the rim widdi. 
In cast tubs, actual measures vary slightly from the nominal, because 
of the furnace effect when heating to enamel. The variation, however, 
is not sufficient to be considered in noting the space required, or to 
require any advance in roughing-in measurements. 

Roman baths have ends alike, with the fittings at the center of 
one side, as illustrated in Fig. 8, and the waste outlet at the center 
of width and length. In general, they empty with better effect, and 
may be placed in either right or left comer or free of all the walls; 





:. 7. Rnthiub Fitiinii 
of Low-B*ll Typo 
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Company, Chieago 

but the best posi^on, everything considered, is with the fitting side 
near the wall, and not against either end of the room. 

Any finish for iron bathtubs, other than plain paint, should he 
put on at the factory; iron surfaces cannot be ground and the suc- 
cessive coats of paint drietl on in place, properly or cheaply. 

Waste fittings and the outlets of baths have always been made 
too small. Slow emptying takes valuable time, and results in the ad- 
herence of scum, which necessitates careful cleansing of the bath 
before it is used again. 

The fittings of baths are not interchangeable unless the oblique- 
ness of the tub walls and the depth and drilling agree. The styles of 
fittings are universally applicable, except that double bath-cocks 
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(Kg. 9) are never placed on Roman baths. All double cocks are 
provided with detachable coupling and sprinkler, which, fitted to 
hose, provide a means of spraying the body. Independent spray, 
needle, shampoo, and 




overhead shower fixtures, 
simple and in combina- 
tion, with or without cur- 
tains, are made (or use 
with the various tubs, the 
tub ser\-ing as a receptor 
for the falling water. 

The cheapest ser\'- 
iceable bath fittings are 
a Double Cock and Con- 
nected Waste and CK'er- 
flow. These are shown 
in Fig. 10. Bell Supply 
and Waste fittings, a spe- 
cial type of which is f's 
shown in Fig. 11, are 
singularly popular, the water being retained by a ring valve at- 
tached at the bottom of the overflow pipe, and operated by means of 
a knob projecting above and through the top of the waste standpipe. 
This takes the place of the ordinary plug and chain used with the 
simple overflow. The supplies are made and fitted in combination 
with the waste arrangement, with the valve handles projecting above 
the rim of the bath, the two supplies being delivered into a ecmmon 
yoke-piece, where they mix and flow 
through a common passage to the 
, bell-piece fitted through the vertical 
wall near the bottom of the bath. 
With the usual slotted-bell delivery, 
these fittings are a nuisance in one 
respect. Water cannot be drawn 
into a vessel through the bell for 
chi<-i:ao ' any ulterior purpose; and as no 

vessel of consi<lerable capacity can be filled at the luvatorj' faucets, 
or at a sitz or a foot bath, the sink faucets are the only resort unless a 
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slop sink is available. Nozzle-delivery bells, which afford some rehef 
in this respect, are made; and hand sprays used in conjunction with 
them avoid the expense of special shower fixtures, which would other- 
wise be essential if shower or spray were desired at all, 

A modification of these fittings, termed "Top-Nozzle Supply and 
Waste" (Fig. 12), overcomes this objection to the strictly "Bell Supply" 
type. It has a high nozzle delivery projecting into the tub, and is 
fitted for spray attachment. The 
inward projection is much less 
than with a double cock, which, 
in a short bathtub, would occupy 
much needed space. The noise 
of falling water, obviated with the 
bell placed low, is the same as 
with the double cock; and the 
mixing space, intermediate be- 
tween that of a cock and the regu- 
lar bell delivery. 

An element of danger is in- 
herent in a bell-supply outlet 
placed so low down as to be sub- 
merged when the tub is in use. 
If the supply is opened when the 
tub contains dirty water, and the 
pressure of water is lowered by 
accident or by opening faucets 
elsewhere, it is c|uite possible tliat the fouled water will be drawn 
back through the bell or nozzle into the supply pipes, thus, perhaps, 
contaminating the water for domestic use. For this reason, cocks 
which discharge near the top edge of the fixture, are being more 
frequently used as the faults of the bell fittings are well recognized. 
For private use, where both children and achilts are to be regu- 
larly served, the bathtub is the only fixture ansHt-ririg the require- 
ments. As the physical conditions of the members of the family are, 
or should be, mutually known, and the tub will be regularly cleansed 
between baths, any possible chance of connnunicatiiig liumors of the 
skin through the bath can be guarded against. For institutions and 
general public use, the tub bath is open tu serious objections, some of 
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which ftpply as well to private use. The water for a tub bath is at its 

best when first drawn into the tub; and the per- 
son, before bathing, is certainly in condition to 

pollute it more or less. As the bathing process 

nears completion, these conditions are exactly re- 
versed. Tubs used by the public may not be 

carefully cleansed between times of use, and the 

bather is ignorant of the condition both of the 

tub and of the person who used it previously. In 

institutions for the insane and feeble-minded, un- 
scrupulous attendants have been known to bathe ) 

several persons in the same water. Large pools i 

are better, but still not ideal; nor are they always 

suitable or practicable. 

Shower Baths. Shower or rain baths are 

commonly installed in barracks, gymnasiums, 

and schools, and are no longer unusual in private 

dwellings. Some of the objections to the tub bath, 

which have been stated, are entirely avoided by 

the shower fixture with its supply of running water. 

Those who have studied (he hygienic effects ^^ 

I produced by the action of wasw ruHngs. 
jets or streams on the surface of the body, 
urge veiy strongly that the impact results in 
stimulating the proper action of the skin. This 
is the opinion of most persons who have had 
experience with such apparatus. 

The older forms of showers, which direct the 
water vertically upon the head of the bather, 
are not so desirable as those in which the out- 
let is inclined and placed at about the level of 
the shoulders, thus avoiding wetting the head 
unless desired. Indeed, all the essentials of a 
bath of this form are met by a water-supplied 
' <^i rubber tube discharging at about the levtjl of 
the waist over a tight floor or pan provided 
with a drain. 
Aside from the shower baths that may be provided in conjunction 
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with a bathtub, one type of which is shown in Fig. 13, many designs 
are fitted to floor-pans, called receptors, usually having a curtain, 
as in Fig, 14, thus providing for 
private installations a great va- 
ne^ of complete showering and 
spraying appointments. The re- 
ceptors may be enameled iron, 
porcelain, or marble. A cement 
orasphalt floor, sloping to adrain, 
is simple and effective. 

In lieu of the full curtain and 
regular receptor capable of pro- 
viding six to eight inches' depth of 
water, and having tub-like supply 
and waste fittings in addition to 
the shower features, a shallow 
base of marble provided with a 
drain and having three marble 
sides, such as is shown in Fig. 15, 
can be provided with any pre- 
ferred type of shower fittings. The 
overhead douche, already noted, 
set at an angle, with flexible joint 
for adjustment, as seen in Fig. 16, 
so that the body can be played on 
without wetting the hair, is not 
often fitted to private shower fix- 
tures, as it requires considerable 
additional space. A rubber cap 
for the head enables one to use 
the vertical shower with a fair 
degree of satisfaction. 

A point concerning shower fix- 
tures and relating to the safety of 
Cmriuj, "^^f^^^'y//.^ compani,, the uscr, to which spccial attention 

should always be given, is that of 
the valve arrangement. If the design renders It at all possible, as some- 
times is the case, one is apt inadvertently to scald himself by at first 
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turning on hot water alone. The chances of injury in this way 
increase with elaborate combinations, if not carefully guarded against 
by the designers ; and we should not take it for granted that they have 
provided such safeguards. As a rule, reliable makers do embody 
ample mixing chambers, thermometers, etc., in such apparatus, 
where necessary, and they regulate the control of hot-service valves, 
or in some other way render the improper use of them unlikely. 
The latter precaution is most satisfactorily taken care of by regulat- 




ing valves such as shown on the side of the frame. Fig. 14, a move- 
ment of the handle to any particular point giving the exact tem- 
peratire desired. 

Sitz Baths. These are primarily for bathing the hips and loins 
in a sitting posture, but may be fitted with special features as ordered. 
Porcelain and enameled iron are the usual materials. The fixtures 
approximate in dimensions 15 inches in height at front and 26 inches 
at back, and are 26 to 30 inches wide. In the back, at a proper 
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height, in a complete fixture, like that shown in Fig. 17, is a 
horizontal slit accommodating fittings for a "Liver Spray" — a 
wide wave-like spray of water, 
either hot,cold, or of intermediate 
temperatm^, as suits the person. 
In the bottom, in conjunction 
with the outlet, is a hot or cold 
douche, equally under control of 
the user. In the center of the 
douche, and operated independ- 
ently, is a Bidet jet. These 
provisions are entirely separate 
from and independent of the 
regular supply fittings, but one 
waste fitting is used in common 
for all. The simple sitz bath 
has the regular Bell Supply and 
Waste, like those used on the 
bath, the dimensions being 
diminished to suit. For the 
extraonlinary features, these fit- 
tings are merely adapted in a 
way to give the user convenient 
control. For all but the sim- 
plest fixtures, the control appli- 
ances are invariably fitted 
through the rims, the valve han- 
dles being provided with proper 
indices to guide the user. Bidet 
jets in combination with sitz- 
bath fittings, ha\e to a great 
extent curtailed the use of sep- 
arate Bidet fixtures. Bidet jets 
have often been added to water- 
closets, hut a satisfactory applica- 
tion cannot be made to a closet. 
Separate Bidet fixtures are now 
rare, but are furnished by 




PLUMBING 



19 



fixture makers; and in isolated cases, where frequent or regular use is 
necessary, are preferable to any combination with a fixture used for 
other purposes. 

The sitz bath is conveniently used for a foot-bath, thus making 
this fixture doubly useful. Indeed, the sitz bath is a more comfort- 
able means of bathing the feet than is the foot-bath itself. Children's 
bath-tubs, small, and elevated by legs to the height of a lavatory, 
are made, but no well-defined demand exists for them. They , 
^ve greater convenience to the nurse, the use of less water, 
and quicker filling and emptj-ing, but these are the only points in 
their favor, 

Foot-Baths. The foot-bath is a small rectangular tub with 
proper feet and rim, furnished with supply and waste of the regular 
bath pattern, diminished 
to suit. The sizes average 
say 12 inches deep, with 
20-inch sides. The feet 
make the total height about 
18 inches. Fig. 18 gives a 
good idea of the usual 
enameled-iron foot-bath 
fixture. Enameled iron and 
porcelain are the usual ma- 
terials. They require even 
less water than the sitz 
bath, but, as before said, couriMi, o/ cran«V™pii^, CHcaiw 

are not so convenient for 

the purpose as the sitz fixture, and are not installed except in the 
most spacious and elaborate bathrooms. The foot-bath would 
ser\'e admirably as a child's bath, except that it is too near 
the floor for convenient use as such. 

Bidet Fixtures. The majority of leading fixture makers do not 
now catalogue these. They consist essentially of a pedestal like a 
closet pedestal, with bowl and rim contracted in the center, giving 
an outline something like the figure 8. Proper fittings to operate the 
jet and waste are provided. Porcelain is the material. As men- 
tioned before. Bidet jets are furnished in combination with receptor 
shower fixtures, as well as with sitz baths. 
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Drinking Fountains. Drinking fountains are now frequently 
used in stores, scliools, and residences, the various fixtures adapted 
to sucii installations being readily obtainable. The basins or drip- 
slabs for public indoor fountains, are often cut to order by the manu- 
facturer; and the cooling and faucet arrangements are provided by 
the plumber. Porcelain, enameled-iron, and marble fountains of 
stock designs are made. Most municipal regulations for schools 
require rough-like basins to be provided with sanitary drinking cups, 
Fig. 19, to prevent infection. The fixture shown in Fig. 20, con- 
sbting of solid porcelain, in which the drain-slab and the high back 
constitute a single piece, is of 
recent design, presents an excel- 
lent appearance, and has the 
advantage of being easily kept 
in immaculate condition. The 
two fountain drinking cups are 
built low to give a plentiful flow 
without spattering, and the com- 
pression cocks below are easy of 
manipulation. 

Fig. 18. Puteelain Foot Bath with StsndBrd OhO dcVlCC which SCrVCS WcU 

c<.ur(«y of FideJ-'H^compa-v. Chicago ^^t common usc, IS the Ordinary 
lavatory, provided with a stiff 
perforated bottom fitting extending well up toward the top of the 
bowl. This, with a proper faucet on the slab, and a cup-chain fitted 
to the extra faucet-hole, makes a useful but not attractive fixture. 

Recessed porcelain and enameled fountains designed to be placed 
in wall niches, and having concealed connectii>n3, as suggested by 
Fig. 21, are neat, and require very little rowm outside the finished wall 
line. Countersunk slabs with strainer waste, with back either integral 
or separate, as design or material dictates, are made in marble and 
porcelain. Marble fountains are adaptable to any location, because 
the slab and back can be cut to any shape or dimensions preferred. 
The fountain proper, faucet, cup, and pipe waste connection, with 
strainer, are all that is supplied by the makers. 

A tj'pe of fountain shown in Fig. 22, is provided with a flowing 
jet of water from which one can drink without placing the lips in 
contact with any metal surface. The small central bowl or cup is 
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constantly submerged and cleansed in the stream of water which 
passes outwanlly over it, thus avoiding the danger incident to the 
e of the same drinking cup by many persons. The surface 
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does not afford lodgment to possible germs of disease, which are most 
liable to transmit contagion when allowed to become dr>- and adhere 
to a surface. In fact, city ordinances require that all public drinking 
fountains be of the sanitary tjpe. 

Lavatories. Lavatories are made from porcelain, enameled 
iron, marble, and onyx, in numerous patterns. The number of 
designs is so large that they 
are best imderstood if con- 
sidered in the classes into 
which tliey may be divided. 
In marble and onyx fix- 
tures, the slab, back, and 
bowl are necessarily separate 
pieces. In any but verj' 
accurate fittuig and erect- 
ing, the unavoidable joints 
soon invite the accumu- 
lation of dirt. Poor work- 
manship, settling, abor- 

.. ... , Court"!/ o/F.'Jt'a;-//u6n-CBmpani,,Cftiojflo 

tive countersinks, and 

faucet bosses not cut free within the countersink, have in many cases 
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brought slab types of basins into unjust repute, or, at least, have 
given basis for strong talking points against them, which have 
been effectively so used. If made and installed in the most 
approved manner, these styles, properly cared for, offer little 




reason for severe criticism. One fact, however, must be borne in 
mind when comparing marble with other materials used for plumb- 
ing fixtures — namely, that marble is not an impeTTiieahle stone. 
Nearly all marbles (excepting only the very hardest and most dense) 
are quite absorbent, and depend upon the surface finish given to the 
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Blab to re^st the entrance of liquids into the body of the stone. As 
soon as the surface becomes roughened by wear, the greasy and acid 
wastes penetrate into the pores, and the marble becomes permanently 
discolored. Only a limited observation of the bad condition of marble 
floors or urinal slabs which have been subjected to use for a few years, 
is necessary to confirm this statement. 

Ordinary Tennessee, Veined Italian, Hawkins County Tennessee, 
and Statuary Italiau marble, range in cost in the order mentioned. 
Fancy imported marbles and onjTC are much more 
expensive. Tennessee marble varies in color 
from grayish brown to very dark reddish brown, 
uniformly intermixed with light specks. The 
Hawkins County marble is bright reddish and 
white-mottled. All the ordinary materials are cut 
in stock sizes, and may also be had to order, like 
the more costly, in any size and shape desired. 
The tj-pe with apron or skirting, has legs, and the I 
slab is supported by the skirting. When supported 
by brackets or leg-brackets, the strength of the 
slab is alone usually depended upon for support 
between the bearings. If brackets are properly 
spaced (as far from the ends as fittings will 
permit will never be too close together for any 
ordinary size), the weight is so balanced as to couHc,Jo^p^'^<,i-Hubtr 
leave very little sagging strain on the slab. compa«u. ckxauio 

Built-in lavatories similar to Fig. 23 are often used and with 
appropriate fittings are very effective. 

Porcelain and enameled-iron lavatories have bowl, back apron, 
and soap-cup in one piece. The pedestal of the lavatory illustrated 
in Vig. 24 is separate, of course, and no back is required, but the 
general features of integral construction are shown. The only injury 
possible to them is the marring or fracture of the glaze or enamel. 
I'orcelain and iron lavatories, which can be furnished at reasonable 
cost, unlike those of marble, are adapted to pedestal support; and 
some very desirable patterns are therefore made in these materials 
only. Neither pedestal nor wall lavatories without backs, are suitable, 
exce]»t where the wall or wainscoting is of marble, tile, or other water- 
proof material. 
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To provide for leaving the floor clear and free of obstruction, lavatories 
supported on brackets or hangers, as indicated In Fig. 25, with supply, 
waste, and ventilating pipes fitted on or into the wall, are best. If 
found practicable, a neater job results if all pipes leading to and 
from pedestal lavatories are carried through the pedestal. A supply 
and waste run to the floor is generally far easier and cheaper to secure 
than the fitting of all pipes to the wall. 

The purchaser seeking iron or porcelain fixtures, has no choice 
of styles beyond that which the market regularly affords. If he pre- 
fers the workable materials, he should insist upon certain features of 
design which are essential to the best service. Abrupt edges and sharp 
comers should be avoided; the slab ouf^ht to be at least l^inches 
thick, and the back not less than 12 
inches high; the general dimensions 
must be as liberal as space will 
allow or the service demands (not 
less than 22 by 32 inches for a 14 by 
] 7-inch bowl); the countersinking 
must be deep, j'( to J inch ; the 
faucet bosses must not join the gen- 
eral border level at all; the faucets 
must not be less than 12 inches 
apart, nor so near the bowl that it 
will be difficult to secure them to 
the slab ; nor may they be placed so 
close to the back as to make repair- t 
ing troublesome with any type of Fuller faucets; the joint surface of 
the bowl must be ground to fit the slab, and provided with not less 
than four well-drilled anchor-holes for clamps to secure it. 

Round bowls were formerly quite generally in use, but are now 
almost relegated to memoiy. The width of slab needed for a roomy, 
round bowl is too great; and at best the arms of the user must be 
cramped in a somewhat vertical and awkward position, while the 
smaller sizes are very uncomfortable in this respect. The sudden 
opening of the faucet when the bowl is empty, is Hkely to ricochet water 
with annoying results. This is caused by the water striking the 
curved bowl at a tangent ; the action is not peculiar to the circular 
bowl ; the oval or crescent, or, indeed, any shape of bowl that presents 
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a curved surface to which the faucet stream is tangent, favors the same 
result; the ovals in integral fixtures are the most annoying. Marble 
an<l onyx have an advantage over porcelain and enameled lavatories 
so far aa ricocheting is concerned. The opening in the slab is not so 
large as the bowl, and thus a horizontal overhanging ledge is formed 
all around, above the bowl, which generally intercepts the water in a 
way to keep it off the floor and person. Porcelain and enameled 
fixtures have not this virtue. The bowl surface, being integral with 
the slab, is uninter- 
rupted and continu- 
ous; hence ricocheting 
is more violent with 
them than is possible 
with theseparate bowl. 
Oval bowls are now 
ill general use on all 
types of lavatories. 
They employ slab 
space to the best ad- 
vantage, and are the 
mo.st convenient for 
use. The crescent or 
kidney shape, illus- 
trated in Fig. 26, is, 
however, as far super- 
ior to the simple oval 
bowl as the oval is to 
the round. It permits the forearms to lie in a natural and most 
convenient position when dipping water to lave the face. This form 
of bowl should be accompanied with a scalloped or recessed front. 
The D-shaped bowl, and other bowls embracing the prime feature 
of the D-shape, while not so graceful in appearance, are, without 
exception, to be preferred, on the score of utter absence of ricocheting 
when the faucets are properly placet!. The D-shape, a transverse 
section of which Is shown in Fig. 27, has a semi-oval fn»nt, with the 
end lines continued parallel some distance past the maj(ir axis, and 
with a .straight-line Irack nciirly vertical. Tliis form gives a nearly 
flat surface in the bottom Wtween the back wall and major axis, on 




PLUMBING 



27 




which surface the stream strikes and breaks when the bowl is empty. 
A depth of water is quickly formed under the stream, which checks 
any spraying or spattering. 

The traps used for lavatones are lean or brass (either cast or 
tubes), or combinations of these materials, plain or vented or of anti- 
siphon design. One trouble with j- 
lavatory trap ventilation, is the dif- 
ficulty of obtaining a vertical rise 
directly above the trap. These vent 
connections should be carried as 
nearly vertical as possible, as high 
at least as the bottom of the lavatory 
slab, before any horizontal run is 
made ; otherwise the choking of the 

waste pipe would float solid matters rig. eeT^lan of Lavatory Slab^UhCres- 
intO places from which gravity cent or KIdney-Shaped BowI. 

would not dislodge them. In the absence of water-wash in the vent 
pipe, these solids would obstruct the vent and defeat its purpose. 
This danger is not given due attention by many plumbers. The 
patent and horn overflow bowls, with plug and chain, are the cheapest 
effective means of controlling the overflow and waste from the bowl. 
The standing waste, of essentially the same design as the waste fitting 
for a bathtub, with the Ixxly fitting projecting through the slab at the 

rear of the bowl, is perhaps the most satis- 
factory waste and overflow arrangement. 
Various schemes for operating basin stoppers 
by means of levers and swivels, are em- 
ployed; but none of them has come into 
more than limited use. 

Basin faucets, aside from special designs, 
are made on three general operating princi- 
ples — (1) screw-compression; (2) eccentric 
action without springs; and (3) self-closing. 
They arc also made in two types — with reg- 
ular and low-down nozzl(\s. All of these are represented in 
Fig. 28. The n^gular typi* has the nozzle some distance above the 
base flange, and screws into, or is cast on, the Ixnly. The low- 
down type has its nozzle with a flat bottom, hugging the slab as 




Fig.l?r. Transverse Section 

of D-Shaped Lavatory 

Bowl. 
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closely as practicable. The objection to the low-down is the inac- 
cessible narrow space between the nozzle and slab, which becomes 
filthy and is difficult to clean. High, projecting nozzles obstruct the 
space over the bowl, especially when washing the hair, but are other- 
wise most satisfacto^)^ The high nozzle gives trouble with patterns of 
faucets that separate in the body for repairs, such as the Fuller type, 
which closes rapidly with pressure. The fault, however, is often 
that the slab is so shallow as to necessitate the faucets being placed too 
close to the back to turn without removing the nozzles. If these are 
cast on, removal of the whole faucet is required before it can be 
separated. Some faucets are made with union joint in the body, 
thus avoiding such trouble; but these are not widely used. 

The false economy which often dictates the purchase of a small 
slab, generally also prevails in the selection of its trimmings. Com- 
pression faucets close against the pressure, and are slow in action, 
causing practically no reaction. They are generally responsible for 
the omission of air-chambers on supplies of medium pressure. On 
account of their slow action, they are suitable for high pressures 
although but little weight is given this fact by the trade. The features 
essential to good, lasting service in the compression faucet, are: a 
cross-handle, a stuffitig box, a raised seat, and a swivel disc. Self- 
closing faucets of various patterns are made with a view to preventing 
waste of water, the intention being to compel the user to hold the faucet 
open only as long as water is needeil, and to insure automatic closing 
when it is released. There are none such except the crown-handled, 
that an ingenious person cannot find means to hold open at will; yet, 
withal, self-closing faucets are of great value in reducing wastage. 
A rabbit-eared faucet can be kept open by placing a ring over the 
handles while scjueezed together; the telegraph bibb, by weighting 
down or tying up the lever; and the T-handled, while not so easily 
controlled, can be tied open by a lever secured to the handle. The 
crown-handled design can be operated with ease by the hand of the 
user, but does not readily lend itself to unauthorized control by means 
of a mechanical stop. Self-closing faucets require strong and well- 
designed springs to close them against the force of the water. They 
have sometimes come into disrepute through leakage for lack of 
adequacy in this feature of their construction. 
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Lavatory supports should have positive means of leveling the 
slab, such as set screws, screw-dowels, or whatever adjustment the 
kind of lavatory and support may be best suited to. Lavatory 
brackets are generally at fault in having limited bearing at the bottom 
of the wall-face. This point of the bracket is w^here all the strain is 
thrown against the w^all, and the effect is noticeable if the upper end 
springs away ever so little. Full-length brackets are not open to this 
criticism, but they interfere w^th the washboard or other finish next 
the floor. 

Sinks. These are made in four general classes according to the 
purpose to be served — namely, Kitchen, Pantry, Slop, and Factory 
or Wash-Sinks. The materials used are: — Porcelain; enameled, 






Fig. 28. Common Types of Basin Faucets 

galvanized, and painted cast iron; enameled, galvanized, and painted 
wrought iron; brown glazed ware; copper; slate; soapstone; various 
compositions; and occasionally wood. Porcelain and enameled 
cast iron are most used, galvanized and painted sinks being confined 
principally to factory use. Sinks of extreme length, in one piece, 
or sectional, 6 to 8 inches deep, as shown in Fig. 29, with supply 
and faucets over the center line or at the side, belong to the factory 
class. There are roll-rim patterns, with bracket support and iron 
back, and with faucets fitted through the back. These are generally 
8 inches deep and about 20 inches wide. The installation shown in 
Fig. 29 is particularly good on account of the skeleton character as 
it will collect little dirt. 

Kitchen sinks vary in size according to general requirements. 
Common sizes are 18 by 30 inches and 20 by 30 inches. The depth 
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ranges from 6 to 7 inches. There are two types of iron sink — flat 
rim, with outlet at end; and roll-rim, with outlet in center. Neither 
style of outlet is always desirable as to connection; but the center 
outlet drains more directly. The flat-rim is not provided with 
legs. Cast legs were formerly furnished, being attached to the sink 
by slipping into dovetails. When legs are desired for this type, the 
plumber provides gas-pipe legs, with or without a top frame. Iron 
splash-backs are provided for flat-rim sinks, but not of the deep 
pattern in which air-chambers may be placed. Plumbers drill these 
sink rims to attach brackets or legs, and sometimes also to secure 
to them hardwood cap- 
ping or drainboard. 
Hardwood drain boards 
are generally provided 
by the plumber's car- 
penter. Hardwood 
splash-backs, set free of 
the wall to permit circula- 
tion of air behind the fix- 
ture, are also provided. 
I Sometimes marble 
splash-backs are pro- 
j| vided. Marble is best, 
but is not in keeping 
with a flat-rim sink. The 

CurU,, 0, Tke 7T„*,„ i:u.r,>. Con.,....y ^^^^^ j^^y ^^^j ^^ ^^g 

end of the drainboard, as represented in Pig. 30, or merely cover the 
length of the sink. Omitting the back bcliitid the drainboard, is not 
often done. The drainboard sluiuld be free of the wall when the 
back is not extended. Inm sniks, with roll rim on front and ends, 
are furnished with drainboards suited to attJich to cither or both 
ends. These may be added as an after-consideration, or changed 
from side to side at will, if there is but one drainboard, or removed 
entirely, without nuirririf; the looks or scrvi<f of the sink. This 
interchangcubility <'iiinincn(ls itself to both i>hunlHT and customer. 
lioll-riin sinks, with the end reecssed to receive a drainlMtard, are 
also made, but in any subsequent eliaune of location require setting 
in the original position, so far as the drain is concerned. 
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Open strainers are most frequently fitted to sinks, in which case 
the sink cannot be then used for washing dishes, but merely serves as 
a support for dishpans and other vessels and as a catch-all for drip- 
pings from the drainer. Hence the open-strainer sink must be large 
enough to accommodate suitable washpans, etc., while one fitted 
with a plug-strainer should be relatively small if it is designed to use 
the sink proper as a washpan. A new form of sink waste connection 
is now a feature of the better class of enameled sinks, in which the 
connection is made by means of a spud and coupling something like 




the onlinar,\- lavatory coupling. In it the strainer is held down in 
a way less likely to cause injury to the sink lining at the waste hole. 

The use of wooden sinks in large installations, such as hotel 
kitchens and restaurants, is not unusual, the theory of their use Ijeing 
that less breakage of crockery occurs, by reason of the softness of the 
material. Hiiwever, because of the objection to any porous material 
which retains moisture and is subject to deconiiMJsition, wood is never 
suitable for thb use, though with copjMjr-liiung it is permissible. 

Rubber mats are essential for both sinks and drainboards having 
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enameled or glazed surfaces, in order to avoid accidental injury to 
both the fixture and the articles cleansed. As a matter of fact, the 
average dwelling has but one sink, which serves both kitchen and 
pantry purposes. Dual service is not always satisfactory, however, 
as no sink can be well adapted to both uses for a large family. 

Porcelain and iron sinks have generally been supplied with loose 
backs; but sinks of one piece — that is, with sink and back integral — 
are now obtainable. Sinks with integral apron or skirting all around, 
placed free of the wall, are suitable where the wall is waterproof. 

Sinks are built from slabs of natural stone as desired, and may 
be with or without drainboard or skirting. They are generally pro- 
vided with a high splash-back. These sinks are not limited to the 
patterns of a moulding room, and easily keep pace with the desires 
of the purchasers. Selection is confined to a choice of material. 

In the use of any natural stone, such as slate or soapstone, for 
plumbing fixtures, and especially for sinks, it should not be forgotten 
that angles and rectangular corners are with difficulty maintained 
entirely free from deposit. Although the flat surface can be readily 
scoured, it is always difficult to clean the sharp angles and corners 
satisfactorily. The difficulty is increased by the fact that some 
plastic jointing material, such as putty or cement, must be used in 
putting together the fixture; small fragments of this material project 
into the angles and render the corners rough. 

Air-chambers may be cast in iron sink-backs, or independent 
cast or pipe chambers fitted in the cavity. The ordinary sink-back 
is not well suited to the convenience of the plumber where supplies 
to any fixtures pass up behind the sink. The faucet-holes cannot 
be changed, and slots for pipe are not provided at the top edge. 
Sawing these gaps after the goods are enameled, leaves the fixture 
with an unfinished appearance. The proportion of shank to the 
handle of faucets of the Fuller pattern used on sink-backs, must be 
such that the handles will turn straight back. 

A popular fixture of comparatively late design, adapted for small 
dwellings and now made in the cheaper materials, is the kitchen sink 
in combination with a single laundry tray. Fig. 31. In this, the 
drainboard serves as a cover for the tray when the sink is in use. 
Sinks have also been supplied in combinations with lavatories, one sink 
being placed in the center or at the end of a battery of lavatories. 
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A pantry sink (Fig. 32) should always be provided with a drain- 
board. It is a smaller fixture than the kitchen sink, and is nearly 
always of the plug-strainer and overflow^ type. Its faucets are gener- 
ally of the high-nozzle barber-shop type, but of smaller capacity and 
better adapted to rinsing than are kitchen-sink faucets. Indeed, 
the pantry sink proper need not necessarily differ at all, unless in 
size from sinks used for other purposes. Every feature of its trim- 
mings and setting is intended to best serve the butler's needs. 

The waste matter from the butler's sink is not like that from the 
kitchen sink; hence the waste pipe is not necessarily so large, nor is a 
grease-trap so badly 
needed. Grease in 
considerable quan- 
tities finds its way 
into kitchen-sink 
waste pipes. It 
floats on the stream 
of waste water as it 
travels through the 
pipe, and, being 
always next the in- 
terior surface, either 
adheres thereto on 
contact, or by a re- 
duction in tempera- 
ture is chilled and 
congealed and thus clings to the pipe walls. Successive layers of 
grease are in this way accumulated, and the bore of the pipe is 
finally reduced so much that solid matter easily completes the stop- 
page. Forcing out, and then filling the pipe with boiling lye water, 
and again flushing with hot water, will usually remove most of the 
obstruction. Sometimes the lye loosens the grease in chunks, which 
cleg the pipe seriously at the first favoring point, and the pipe must 
then be cleaned manually. 

When once choked with grease, the pipe must ultimately be 
opened and cleaned by hand, often at material expense when long 
lines are deep underground. To avoid this trouble, various traps 
(of which two examples are shown in Fig. 33) have been designed to 




Fig. 31. Kitchen Sink and Single Laundry Tray Combined. 
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separate and collect the grease, either by flotation alone or by 
chilling and flotation combined — generally by the former. The 
former were previously improvised by the plmnber, being placed in 
the drainpipe just outside the building. This location left too much 
pipe subject to choking between the grease-trap and the sink; and 
the trap itself often became a generator of bad odors in warm weather. 
The grease-traps now commonly furnished are placed in the 
kitchen under the sink, and frequently serve as the regular trap for 

the fixture. The grease 
is easily removed by lift- 
ing out the container or 
by skimming from the 
top. Hinged bolts with 
thumb-nuts secure the 
covers so that they can 
be easily and quickly 
opened and securely 
closed. 

Traps which chill 
the grease are not used 
so much as those acting 
by simple flotation, but 
they do the work per- 
fectly. The chilling proc- 
cess is accomplished by 
means of a water jacket through which the cold-water supply passes. 
The water entering low, surrounds the wall of the pot trap within, 
and passes out high up on the opposite side (see fixture at left in 
Fig. 33). Circulation — or, rather, change of water — in the jacket, is 
dependent on the amount of water used at the fixtures. 

The usual slop sink is 18 by 22 inches and about 12 inches deep. 
Generally it is furnished mounted on a trap standard, as in Fig. 34, 
which serves the double purpose of support and waste-trap. 

Care should be taken before installing a fixture placed upon a 
trap standard, to examine carefully whether the seal of the trap is 
provided for by suitable interior partitions. It is not uncommon to 
find defects in the casting, if of iron or brass — or in the porcelain, if 
of that material — which would seriously affect the maintenance of the 




Fig. 33. Pantry Sink. 
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water seal. In fact, it is desirable in connection with slop sinks, as 
with all other fixtures, that the trap be of such a form as to show 
clearly, even after being set in place, the position of the various por- 
tions which constitute the trap and maintain the water seal. 

The waste pipe for slop-sinks is never less in diameter than 2 
inches, and is usually 3 or 4 inches. The outlet is invariably through 
an open strainer. 

Slop sinks are made in all the materials common to other fixtures 
except natural stone. These sinks are to the chambermaid what the 
kitchen sink is to the cook. The shape and liberal-sized waste are 
well adapted to removing slop and scrub water. In the complete 
fixture, the dnk is provided with an elevated tank and flushing rim 




Fig. n. Tjrpes ot Kitchen Sink Traps lor Sep»r»cliiK knd CoUecUOB OrBaw. 

to cleanse the fixture walls; also with hot and cold supplies for drawing 
water, rinsing mops, etc. The supplies are usually connected between 
the valves, and terminate with a long spout with pail-hook and brace. 
The spout supports the pail over the center of the sink while filling. 
The onlinaiy slop sink is provided with hot and cold faucets; and as 
the rims of the cheaper kinds are plain flanges, no tank flushing is 
possible. 

Laundry Trays. These are made in all the materials used in 
other plumbing fixtures. Wood trays were formerly common but 
their unfitness because of absorption and odors, coupled with the 
increase in cost of lumber and the lessening in cost of the better 
materials, has effectually driven them out of the business. 
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The same inherent objection may be urged against the use of wood 

covers as obtains against that material for the body of the fixture. 

Trays are made singly and otherwise, but generally used in sets 

of two or three, except in the combination with sink already described. 

They are supported by a center 

standard or a metal frame, as best 

suits the material used. 

Some means of attaching wring- 
ers are provided, if possible. The 
waste is usually 2-inch. One trap 
answers for a set of trays. The 
size is about 26 by 30 inches at 
top and 15 inches deep. The walls 
are all nearly vertical except the 
front, which inclines about 30 
degrees, making the width at bottom 
considerably less than at top. Some 
makers furnish one tray with each 
set, designed to serve as a wash- 
board, the interior of the front wall 
being corrugated like the surface of 
a portable washboard. The incli- 
nation of the front is about right for 
scrubbing, whether the tray or an 
ordinary board is used, and the sup- 
ports place the top of trays conven- 
ient to the work. 

All trays were formerlj' made with 
faucet-lioles in the back; and the 
plumber furnished a hinged cover. 
Side-handle faucets were necessary 
to allow the cover to close, as holes 
Fig. 3-1. Slop Sink Mount L'd on for. top-handle faucets would be so 
CouriE.B o! Ptdi'<d-ux^T comtanii. low as to make useless too much of 
the space above them. The faucet- 
holes were seldom fitted water-tight. Holes are not now made in 
trays unless ordered, and the side-handle wash-tray bibb is disap- 
pearing. They were always annoying. If placed with the handles 
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right and left as intended, the seat could not be examined, and 
no reaming or dressing of the faucet scat could Ite <lone without re- 
moving the faucet. AVhen placed with the faucet handles facing each 
other, they were wrong-handed and (oo close together. It was awk- 
ward to supply air-chambers — especially so when all the faucet holes 
were equidistant from the top. AVhen placed for one line of supply 
above the other, one line of boles was too low. These objections com- 
bined brought about the practice of omitting the covers, putting the 
supplies over the trays, ami using regular sink faucets. Overflows are 
provided only when so ordered. 

Enameled backs with air-chambers and faucets are supplied with 
roll-rim enameled-iron trays. A complete set of three trays, with all 




Fli. 35. Porcelun EnBmclctl-lroD Laundry Traya with FiltiaKi Complete 
Courlrt]/ of Crai\* Comvanii, CAicoflO 

attachments and fittings, is shown in Fig. 35. Flat-rim trays are 
made with or without Taucet-holes, and are intended to have a hanl- 
wood frame to secure them rigidly. The wood 'frame an<l cover can 
be hati with the fixture, but the plumber often supplies them, Nickel- 
ptateil or plain brass wastes and (raps are furnished for trays, but 
the plumber can provide lead or cast-iron waste, if wanted, 

Water-Closets. Types of water-closets are innumerable, and 
are separable into classes according to principles of action. Porcelain 
and painted or enameled iron are the materials used. Porcelain is 
more fragile, but has the better finish and is susceptible of a greater 
variety of <lesign and ornamentation. The all-vitreous body of 
water-closet china of to-day is far superior to the glazed clay ware 



38 PLUMBING 

of the past, which, depending only on surface impermeability, soon 
cracked badly, thus permitting absorption, the forerunner of odors 
which no plumber's skill could prevent. Enameled iron has not so 
durable a surface, but will stand rough usage, and has the advantage 
of very seldom cracking from frost even though the water in the trap 
freezes. 

The greater relative advantage and durability of the porcelain 
closet over the best qualities of enameled-iron fixtures, should not be 
overlooked. There is less adherence of the foul wastes to a porcelain 
surface than to the enameled surface. It is also a fact that enamel 
is subject more or less to abrasion by the use of harsh scouring ma- 
terials, as well as to decomposition by uric acid and water-closet dis- 
charges, and is therefore not a very durable material. These state- 
ments can be confirmed by observation of closets which have been 
in use for a number of years. 

Iron closets of the better forms are used most in public places, 
stores, warehouses, etc. The pan closet, of iron, with earthenware 
bowl, is not now installed. For these, a trap was placed under the 
floor. The pan, operated by the same lever as the flushing valve, 
retained water, partially sealing the body from the bowl. The flush 
was by the swirling of a stream which entered tangentially under the 
rim. The bowls were round, as is necessary in all hopper closets 
thus washed, for water will not swirl in an oval bowl. 

The objection to the pan water-closet is principally due to the 
fact that the outer bowl or container is a receptacle of filth which can 
never be properly cleansed. When the pan deposits its contents in 
the lower portion of the fixture, a considerable amount of the filth 
is spattered upon its inner walls and is not subject to the cleansing 
effect of the stream of water which scours only the upper bowl. When 
the closet is operated, the odors from this concealed surface permeate 
the room in an objectionable manner. 

Tall round hoppers with swirling supply are yet frequently used 
in outhouses and other exposed places. No other form of closet will 
stand such locations under like conditions. The waste-trap is not 
placed immediately under the hopper, as in other forms, but down 
below the freezing depth — five feet as a rule. The supply valve is 
also placed below freezing, and is operated by a pull or by seat-action. 
These closets are continvous or ajter-wash^ according to the style of 
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valve used. Such an outfit is the simple frost-proof closet of the 
market. Tall oval hoppers with valve and slotted spud attached, 
swirl or rather direct the water sideways in both directions, but not 
effectively. A tank supply, sometimes used for this form of closet, 
is also inefficient when delivered through a slotted spud under the 
common flanged rim. Short oval and round hoppers, with valve or 
tank supply operated by a pull or by seat-action, fitted to "S," 
"J S," and "i S" or "P" traps, for lead or iron pipe floor connection, 
make up several hundred closet combinations, each differing in some 
respect from the others. These are the poorest types of water-closet. 

A sectional view of the Combined Hopper and Trap pedestal of 
today is shown in Fig. 36. It is made in one piece, in both porcelain 
and enameled iron. This form resulted from the separate hopper 
and trap fixtures before mentioned. The combined form has oval 
bowl and integral flushing rim for tank supply. 

The Wash-out closet is a modification of the combined hopper 
and trap, being formed with a dipping bed under the mouth of the 
bowl, which retains enough water to keep soil from sticking to the 
surface. The water-bed makes it necessary to discharge the contents 
at either front or rear of bowl. The back-outlet wash-out is most 
repulsive to view; in them the drop-leg, which the flush never washes 
thoroughly, is always in view, so that its filthy condition suggests 
cleansing by hand. The front-outlet wash-out, shown in section in 
Fig. 37, is of more inviting appearance; but the drop-leg, although 
hidden, is there just the same. This type is rapidly becoming obsolete. 

Both the Wash-out and the Combined Hopper and Trap types 
have one fault in common. The trap almost always contains the soil 
from one usage. When the contents of the trap are flushed out after 
using, sometimes a similar mass refills it. Of course, two or three 
consecutive flushes would leave comparatively clean water in the trap, 
but this is not to be expected in regular usage. 

On certain occasions the wash-out may serve a useful purpose 
on account of the water-bed. The stools of children or the sick may 
thus be easily observed at the will of the physician or at the discretion 
of those in charge, while such is impossible where the soil is submerged 
at once. 

Pneumatic Siphon closets of various types have been put on the 
market. A good example of the type requiring two traps with an 
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air-space between, is shown in Fig. 38. A specially constructed 
flushing tank is connected with the air-space between the traps. The 
falling of the flush water creates a partial vacuum in the bottom com- 
partment of the tank, which induces siphonage of the bowl contents. 
In the effort to maintain a plenum in the flushing compartment 
of the tank while the flush water is flowing into the closet, the air 
between the traps is extracted, being drawn up through the air-pipe 
into the tank. Atmospheric pressure presses the water out of the 
bowl and upper trap when the pressure below it is sufficiently 
reduced. This water, added to the flushing water and that of the 
lower trap seal, which has been drawn above its normal level in 
response to the vacuum, is suflicient to form the long leg of an ordinary 
siphon; and thus both traps would be entirely emptied were it not for 





Fig. 36. Section of Combined Hop- 
per and Trap Closet 



Fig. 37. Section of Front Outlet 
Wash-Out Closet 



the vent in the crown of the lower trap breaking the siphonage in 
time to save a water seal for the lower trap. 

The upper trap with water visible in the closet bowl in repose, is 
supplied by the after-fill, thus establishing conditions for the next 
action. The lower trap of such closets must be back-vented, and it 
is essential that the upper trap have no back vent. 

The proper action of the tank is necessary to operate a pneumatic 
closet. A closet constructed on any other principle can be flushed 
with a bucket, by hand, if its tank is out of order. When a pneu- 
matic closet gets contrary, pouring water into the bowl by hand 
simply fills or overflows it. The outlet is air-bound, and no passage 
of water to the soil pipe can take place until the barrier of air between 
the traps is removed. 
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Fig. 38. Section of Pneu- 
matic Siphon Closet, with 
Two Traps and Inter- 
vening Air-Space. 



The closets now accorded first place and generally used in the 
best work, are of the Jet-Siphon type, illustrated by the sectional 
view. Fig. 39. These use more water than is necessary to flush 
other kinds of closets, because a portion of the water is employed to 
produce the siphonage. A channel leading 
from the flush-water inlet to the bottom of 
the trap, conveys a stream of water to the 
trap leg, and injects it upward therein. The 
water in the channel has considerable ve- 
locity, and, being discharged into the water 
in the trap, imparts its energy to the whole 
mass, which, aided by the rise due to the in- 
coming water from the flushing rim, moves 
upward at a proportionally slower but in- 
creasing speed depending on the ratio of 
mass and jet. When the water in the trap 
has been lifted in this way to an extent 

where suSicient of it can fall over the weir into the out-leg of the 
trap, a siphonic movement begins, and true siphonage finally takes 
place. Before the closet tank is emptied, siphonage sweeps out the 
trap thoroughly; and what water falls back into the bowl when 
the siphon breaks, together with the incoming jet and flush, often 
causes a second siphonage. 

Accuracy in pointing the jet and in shaping the surfaces of its 

environment, are essential. If the 
surface above the jet-hole favors 
interference by the water flowing 
from the bowl, siphonage will be 
delayed and abortive, and may not 
take place at all. So, also, if the 
jet is not directed so as to main- 
tain approximate concentricity in its 
travel through the mass of water, 
Fig. 39. Section of Jet-Siphon Closet, its energy is not expended to advan- 
tage, and failure is likely. 
There is no excuse for iron closets not siphoning perfectly. The 
iron pattern can be altered until it gives the best effect in practice, 
after which all closets cast from it should do the same. With poroe- 
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lain ware^ however, every closet made requires the same skill in 
design; and notwithstanding how perfectly the closet may be formed 
and the jet-hole cut, shrinkage in the kiln during the drying and 
burning process is apt to warp the wall and change the product so 
that it will not act properly. Closets of both materials, apparently 
perfect, often fail when first tried after installation, owing to foreign 
matter or fragments of enamel, clay, or iron lodging in the jet and 
changing its action. ITsually these obstructions are easily removed 
by the plumber. 

The jet principle has been added to the Combined Hopper and 
Trap closet before mentioned, producing in it a siphonic action result- 
ing in very much improved service over that of the simple form. With 
the jet-action, the Combined Hopper and Trap is generally termed 
a Wash-Down Siphon, The so-called "jet" is applied in two ways. 
In some makes, the flush rim has an extra large and specially formed 
fan-wash feature, which directs down the back wall of the bowl a 
sluice-like stream. This stream, in addition to wetting the paper and 
forcing it down into the water, where it will be promptly carried out, 
sweeps round the curve of the bowl outlet in such a way as to lend its 
force to the water in the trap to produce apparent and not infre- 
quently true siphonage. 

Another form of the wash-down siphon is provided with a channel 
from the flush inlet, down outside the back wall of the bowl, to near or 
even below the water-level in the bowl, where the jet enters through a 
slit. The action is much the same as with the special fan-wash 
mentioned, but is generally superior in siphonic effectiveness. 

Jet-siphon closets are not provided with vent openings in the 
closet proper, except for the local bowl ventilation. Wash-out traps 
are, or should be, vented. The simple hopper and trap should be 
v^ented in the trap. Wash-down siphons, generally, are not vented, 
but it is permissible to vent them low down in the outlet leg of the trap. 

All closets for indoor use should have flushing rims. In all 
earthenware closets and in some forms of iron closets, the rims are 
made integral ; but the iron rims are, as a rule, separate pieces, form- 
ing a water channel around the bowl. The bottom, inner edge of the 
iron rim hugs the wall of the bowl as closely as practicable, and the 
bulk of the water falls through regularly spaced serrations. Various 
provisions in the shape of barriers opposite the flush inlet, per- 
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f orated race-way shelves along the rim above the exit openings, etc., 
are made to insure the rim filling and flushing property all around. 

All kinds of closets were formeriy made without regard to the kind 
of seat to be used. Boxed-in cabinet seats, self-supporting, were 
universal. These gave way to seat and frame, with wall and leg 
support. To-day closets are conunonly made with base flanges 
designed to support the weight of the person, and are provided with 
lugs or seat-shelf for attaching the seat directly to the bowl, as seen in 
Fig. 40. Metal post hinges are best in every way, if well made and 
strong. The competition goods, however — made to sell rather than 
use — are so light as neither to keep the seat in place nor to aid in hold- 
ing it together under the severe strain. The hinged wood-cleat seats 
bolted to the closet are strong, but are objectionable because they 
cannot be kept dry or clean under the 
cleat. 

Closets are operated with pull or 
push-button tanks requiring the attention 
of the user; and are also made of the seat- 
action type. Children are likely to be for- 
getful, and visitors to public toilet rooms 
indifferent, to such an extent that auto- 
matic closets are desirable for public 
places and schools. 

^, /» * 1 . 1 <• F^^- ^- Closet with Base Flange 

Closets are fatted with two styles of support, and with Lugs for 

•^ Attaching Seat. 

tanks — one placed about 7 feet from the 

floor and serving with a flush pipe never more than 1^ inches in 
diameter; and the other placed low down, as close to the bowl 
as connections will permit. Examples of the high^tank and low^ 
tank arrangements are shown in Figs. 41 and 42, respectively. The 
low tanks are wider and deeper than the high style, but dc not ext^nd 
out from the wall so much. The low position delivers the water 
at much less velocity than the elevated style, and, to secure the utmost 
speed and the volume necessary, the flush connection is never less than 
2-inch in a low-tank closet. The rim and jet channel are proportion- 
ately larger in bowls intended for use with low tanks. High tanks 
are about 17 by 9 by 10 inches. Sheet lead and sheet copper are used 
for closet-tank linings. Some kinds of water, through galvanic action, 
attack the soldering of the seams in copper-lined tanks with more 
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effect than where lead alone is used. Generally, however, copper- 
lined tanks give satisfaction if the copper is heavy enough (12 to 16 oz.) 
and properly put in. Some makers lock-seam the linings water-tight, 
and solder on the outside before placing the copper in the wood case. 
_ On account of the greater depth of low 

tanks, swelling of the wood case has, 
doubtless, been the cause of most of the 
trouble experienced with thb type. When 




put together in the factory, the wood is very dry, and after being 
used for a short time, Increases in height as a result of swelling 
from dampness. If the lining be tacked to the wood at bottom and 
top, injury is sure to result. Tacking at the top only is open 
to similar objections. It is now the practice to omit fastening 
the lining. Cast-iron tanks enameled two coats in and out give 
excellent ser\'ice and so far have caused no trouble from sweating. 
Iron tanks with sheet metal interior lining ha\e also proven satis- 
factory. Very great care has been foiiini necessary with ball cocks 
for low tanks, in order to secure proper after-fill, the flush comiection 
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being too short to aid much in resesling the bowl with its drainings. 
Low tanks flush with much less noise than high ones, and permit 
placing the closet under windows and low ceilings. Low ones require 
more width on account of the tank, and more depth from the wall to 
the front, as the seat and Hd must be placed far enough forward to be 
thrown back and remain leaning against the front of the tank. Low 
tanks are provided with ventilated covers; while the high pattern 
which is out of children's reach, 
is left open at the top. The fewer 
working parts in a tank, the less 
likely it is to get out of order. 

A type of seat-action after- 
wash closet very seldom placed in 
private houses, is that with closed 
metal tank, as represented in Fig. 
43. Depressing the seat opens a 
valve in the supply, and the water 
passes up through a flush pipe 
into a closed tank. The air in the 
tank is compressed until the air- 
pressure counterbalances that of 
the water. When the seat is re- 
leased, the supply valve closes 
and a valve is opened, establish- 
ing communication between the 
closet and the tank. The com- 
pressed air then expels the water 
in the tank, Bushing the closet 
just as a large supply with cor- 
responding pressure would do without a tank. Closed-tank closets 
depend on pressure. The space occupied by the air in the tank 
is inversely proportional to the pressure; hence, even in heavy pres- 
sure, considerable of the tank's capacity is yet occupied by air 
when equilibrium is established; and the less the pressure, the 
smaller the amount of water it is possible to get uito the tank. They 
are therefore not fit for very light pressures, though they sometimes 
ser\'e weH in tlia basement of a building where failure would be 
certain oa the upper floor. 
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Condensation on single-shell sheet metal tanks is annoying. Open 
tanks of porcelain and iron are used more or less, but sweating is 
hard to overcome. Zinc paint and ground cork finishes have been 
employed with some satisfaction; and drip-cup collars discharging 
into the flush just under the tank on high-tank closets have served 
in this capacity, but nothing overcomes the sweating so well as a 
tight wood case. Insulated metal cases and double enameled cast 
tank, before mentioned, will prove the only serious rivals to the wood- 
case tank. Some makes of the pressure-tank closet require too much 
weight on the seat for successful operation by a child, and children 
would as a rule leave the seat too soon to allow the tank to fill reason- 
ably well. The after-fill is accomplished by projecting the flush 
connection into the tank an inch or more, and drilling a hole I inch 
or less in diameter through it near the bottom of tank. The rapid 
flow ceases when the water-level falls to the upper end of the inward- 
projecting flush connection, and the after-fill drains into the flush. 

The flush fittings of an open tank consist essentially of a valve 
to admit water to the flush pipe; an overflow always open to the flush 
pipe; and a lever and connection, with chain and pull or button, to 
open the flush valve. A simple example of these is the siphon goose- 
neck, with flush-valve disc on one end and lever connection at the 
other. Prongs extend below the disc to guide and keep it in place. 
The overflow is through the gooseneck. Lifting the gooseneck an 
instant permits enough water to flow down the flush to start the 
siphon through it when the pull is released. The tank then siphons 
to the lower end of the gooseneck arm. 

Where shortness of flush pipe or form of closet requires a decided 
after-fill, this is secured by special provision in the flush fittings, or 
by leading some of the supply delivered by the ball cock into the 
overflow. 

The supply fittings of a closet tank consist merely of a ball cock 
of suitable form. For light pressure, simple leverage suffices. For 
heavy pressure, the inlet in the valve would have to be too small, or 
the ball too large and stem too long, for a small tank, if simple lever- 
age were employed. Therefore compound-leverage cocks are usually 
substituted where the pressure contended with is over 30 pounds. 
There are ball cocks made in which the buoyancy of the ball merely 
operates a small secondary valve in a way to establish the initial 
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pressure over a disc of larger upper surface than that of the under side 
which covers the main water inlet of the cock. The disc is thus 
seated by the differential principle regardless of the pressure; and a 
4-inch ball will close almost any size valve against any pressure. 

When the cock is attached through the bottom of the tank, no 
precaution against sound is necessary. When the cock is fitted in 
high up, a pipe from the delivery is extended to near the bottom of 
tank for the purpose of muffling the sound of the water as it fills the 
tank. An unmuffled delivery and a high-tank flush make considerable 
noise when the closet is flushed, and are suggestive and very embar- 
rassing^to sensitive people. Silent action is therefore the goal for which 
many strive. Silence at the expense of thoroughly washing the closet 
surfaces and flushing out of the contents, is not desirable; some noise 
is necessary to the rapidity of action essential to thorough scouring 
and evacuation. 

Tanks requiring the flush valve to be held off the seat during 
the entire flush, are now no longer installed. Perfect silence in the 
flush pipe of a high-tank closet has been obtained by a type of flush 
fittings that permits the pipe to hang full of water. The flush valve 
being opened, water begins to flow into the closet inmiediately. When 
the valve closes, no air having access at the upper end of the flush, the 
pipe remains filled. The flush valve of such a closet must close 
absolutely water-tight to prevent continual dribbling into the bowl. 

Of late years, direct-flushing valves of many forms have been a 
feature of water-closet design. These valves make the individual 
closet tank unnecessary. Direct-flushing closets, a type of which 
is shown in Fig. 44, have the same advantage as the low tank in the 
matter of being placed where high closets cannot conveniently be 
arranged. A check to their more general adoption has been the lack 
of large supplies in residences and other buildings. 

The possibility that the house sj^stem of water supply may be 
contaminated from the water-closet if the water supply is directly 
connected to the water-closet fixture, should not be overiooked. Al- 
though this contamination is more likely to take place in the operation 
of the older tj-pes of closets, such as the pan closet and the plunger 
type, it IS not of rare occurrence in connection with later types, espe- 
cially the so-called frost-proof fixture. If the pressure is materially 
lowered in the street main by accident or otherwise, it sometimes 
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happens that water may be drawn back into the house system by 
siphonage from a water-closet or like fixture, thus of course incurring 
the possibility that germs of disease may be brought into the water 
supply used for domestic purposes. The use of a tank into which 
the water is first drawn, obviates this danger. 

A dwelling or storehouse supply will operate direct flushing 
valves successfully by placing an accumulating chamber on the 
branch to the closet, and having a check-valve on the street side of it, 
so that the water cannot flow back when the pressure falls as a 
result of drawing at other points. In such cases the pipe between the 
accumulator and the closet must be the usual IJ-inch size. Closets 
thus fitted are really only pressure-tank closets with the flush con- 
trolled by a direct-flushing valve to be operated at will instead of 
automatically by seat-action. 

In all tank installations, the direct method is easily employed by 
carrying the proper size flush main directly to the closets, independ- 
ently of the supply for other fixtures. This is recommended in 
buildings having numerous closets. One tank, with large flushing 
main, will serve all the closets, and thus the individual tanks and 
equipment are not needed. Furthermore, no trouble is then experi- 
enced in providing suitable space for the small tanks. The flushing 
valves may, if desired, be placed out of sight, and only the operating 
lever brought to view in a convenient position. A flushing valve has 
been made which, like the secondary-valve ball cock, works on the old 
Jennings diaphragm principle, using a **time" filling cup to establish 
the initial pressure over the diaphragm. Releasing the pressure over 
the diaphragm by means of the operating lever, opens the main 
channel and causes the closet to flush while the time chamber fills 
again. 

In this country and most others, the height of closets has always 
been uniformly 16 to 17 inches to top of seat. It is claimed that this 
height results in an unnatural position, and individual opinions 
against it have been voiced from time to time with little effect. Lately, 
however, more earnest attention has been given the subject of height, 
and there has been designed a closet considerably lower than usual, 
with the top sloping down toward the back. This form, it is 
said, induces the user to assume an upright position of body, 
relatively more closely conforming to that of the limbs, and favoring 
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unrestricted ac- 
tion of the intes- 
tines. It re- 
mains to be seen 
whether this 
form will result 
in any general 
departure from 
the old lines. 

Closets of- 
ten also serve as 
urinals, espe- 
cially in private 
houses. For lim- 
ited service, this 
is not to be con- 
sidered an actual 
abuse of the fix- 
ture, though gen- 
eral use of dis- 
tinct urinal fix- 
tures is indispen- 
sable. 

Range Clos- 
ets. Batteries of 
individual clos- 
ets are usual in 
office buildings 
and many other 
such structures; 
but in schools 
and in many 
public places 
open to all. class- „ 

es, ranees di- Fig, 41. Din>ol-FlushinK Clm-t 

.', , . " „ HuKhiTiK V„lv» Sliuwi, in S...lioi. bI«vb 

Vlded mto stills CourlKVa/F«ltTal'llu6,rCii<«panu.fhia.ga 

or compart- 
ments hai'e been considered a satisfactory solution af the problon. 
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The objections to the range type of fixture are inherent in the 
design. The fouling surface of a trough fixture is much greater than 
that of the number of individual closets to which the fixture corre- 
sponds, and certain parts of this, surface are not subject to an adequate 
flushing action. A certain portion of the surface, much larger relatively 
than that in individual fixtures, is exposed to spattering with the 
filth, and is alternately wet and dry. It is also true that the method 
of applying the water for scouring purposes is much less satisfactory 
than with single closets. A further objection to the range fixture is 
that in general its material is less desirable for the purpose than the 
earthenware or porcelain used for closets. On account of these 
deficiencies, for some ten years past, individual closets have been 
used in public schools in certain cities which have given the most 
attention to this branch of sanitation , and their use is being ex- 
tended. 

Range closets have automatic flushing tanks acting at any 
required interval between flushes. The tanks are, as a rule, without 
moving parts, and pve good service without much attention after the 
supply is once set to flush at the interval desired. Whether the 
users of a closet are indifferent or irresponsible, does not change the 
result of abuse; and the range type of closet overcomes many annoy- 
ances attending the use of ordinary individual closets in unsuitable 
places — ^institutions for the insane and feeble-minded, for example. 
Ranges, like seat-action closets, are not dependent on the user, who 
may forget to pull a chain or push a button and thereby leave the 
closet foul. 

Various forms of ranges are now operated on the siphon eduction 
principle. Siphonic eduction is accomplished in three ways — ^first, 
by the double trap and air-pipe to the tank indicated by the sectional 
view, Fig. 45, and operating exactly like the individual pneumatic 
closet already described; second, by a siphon outlet-end in which the 
water falls over a central weir that maintains the proper depth of 
water until the flush begins, and causes siphonage by breaking up 
and filling the channel as it passes through a constricted bend below. 
The latter method is shown in section in Fig. 46. Still another type 
of range is made to siphon by jet-action, just as the individual jet- 
siphon closet does, the trap providing a retaining weir which holds 
the water at the proper level in the range between flushes* 
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There are wa3h-out ranges with sloping weirs at the outlet to 
retain enough water to keep soil from sticking. These are open 
trou^s, and the plumber provides the trap. Some siphon ranges are 
of the opeo-trough pattern, but the trap or the siphon outlet is a part 
of the fixture. All open-trou^ ranges can be supplied with a venti- 
lating section from which a large vent pipe may be carried to a stack 
in which a draft is insured by a hot flue or some other means. Such 
ventilation changes the air in the room; and by having lids to all the 
seats, odors trom the entire trough may be uniformly removed by 




leaving up one lid only, at the end opposite the vent pipe. Some 
forms, having individual flushing-rim bowls cast integral with the 
section, are supplied by one general flush pipe, as indicated by the plan 
and elevation shown in Fig. 47. In these, each bowl is separately 
water-sealed, as the normal water-level is above the general conduit 
into which the bowls dischaige. 

Other forms, which receive the entire flush at one end, are water- 
sealed between the seat holes. The seat-openings, instead of converg- 
ing like flushing-rim bowls, diveige downward, so that, as the water- 
level recedes in the sections during flushing, soil falls away from the 
■urface by gravity instead of grinding against it. Therefore, so far 
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as cleanliness is concerned, the type with diverging surfaces butwith- 
out the scouring effect of flowing water in the openings is, in operation, 
the practical equivalent of the flushing-rim type with converging 
surfaces. The open-trough ranges, including the jet-siphon type, 
have perforated wash-down pipes along the sides and ends, which, 
however, have little value. The open troughs are made in cast 
sections as long as convenient, joined by flanges with rubber gaskets 
and bolts. Suit- 
able feet or chairs 
for supports are 
furnished with these 
fixtures. 

Cast partitions, 
partitions and 
backs, and full 
compartment par- 
titions, with slat 
doors and indica- 
tors, are furnished 
to order in any 
s^le or combina- 
tion desired. For 
example, the range 
for a schoolroom 
may consist alto- 
gether of 24-inch 
sections or divi- 
sions, except onein- 

Plg. «. Section or Range Clo.el, with Siphon-Outlet End. ^^^^^ forthe teach- 
ers' use made 30 inches and fitted with door and full-length partitions 
to give a thorou^ly private compartment. Ranges are usually made 
of cast iron, and almost invariably finished with enameled interior and 
painted exterior. Bowl or section ventilation is provided for where 
possible. Wood seats and covers are generally used; but enameled- 
iron top frames wnth hinged seats and covers, and rigid enameled seats, 
are also made. 

The lower trap of a double-trap range must be ventilated. All 
soil-pipe stacks into which ranges discharge, and fixtures connected 
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to them, must be well protected against siphonage, because the 
volume of water discharged at one time by a range is sufficient 
to siphon traps that ordi- 
narily would retain their seals. 

Urinals. Sectional urinals 
are made of the same mate- 
rials and finbh, and with much 
the same types of design, as 
range closets. They are gener- 
ally installedin thesame classes 
of buildings as range closets; 
but such urinals will often be 
found in the same toilet-room 
with individual closets. Roll- 
rim enameled troughs, with 
back and with simple per- 
forated wash-down flush pipes 
on the back, are available. 
Solid porcelain stalls, are also 
in the market. 

Single urinals are usually of porcelain, although some have been 
made of iron. Pedestal flushing rim urinals, resembling an extra 
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tall water-closet bowl, are now regular market fixtures. The common 
types are plain or lipped, Fig. 48, made in flat-back and comer 
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Direct-flushing valves of the same type as used on dosets, 
adapted to the pur- 
pose, and cocks of 
_ various tj-pes, are the 
means of flushing gen- 
I erally provided for a 
' single urinal. When 
' two or more are placed 
I in one toilet-room, an 
j automatic tank with 
branched flush pipe b 
employed. These 
tanks are of greater 
^ variety than those 
used with range clos- 
ets. The tilting 
bucket, pivoted within a tank case, which empties itself periodically 
by means of the flow of water changing the center of gravity to the 
unsupported side and tipping it just before it overflows, is a familiar 
type of automatic 
urinal • flushing tank. | ■ 
The standard tank 
with immovable parts, 
which siphons auto- i 
matically, is the most 
prevalent. A section 
showing the "Wat- 
rous" automatic tank | 
valveisgiveninFig.49. | 

Another design 
consists of a tank with 
common siphon, fitted 
with a ball cock which , 

OpeiUI, instead of clos- y^„ 50 viHnnl Stull-^ .-r «l.ilr. Flu.hf.i by PetforBted 

.. i ■ ii riiw, MiiliGuimri-d Floor 

mg, asthti water m tlie coun^v "/ ri'i'r„!-iit.bcr r<imi>a«u. ci<ii^ao 

tankliftsthcball. The 

interval lietwecn flushes is governed by a small bibb cock. \Mien water 
lifts the ball, the ball cock also admits water, tlie tank filling. 
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rapidly. The higher the ball is lifted, the faster the tank fills, so that 
by the time the water-level reaches a point where water begins to flow 
over the neck of the siphon, it is coming into the tank rapidly enough 
to more than keep pace with the overflow necessary to start the siphon. 
True siphonage, however, empties the tank much faster than the sup- 
ply can fill it; and the tank is soon empty, leaving the small bibb cock 
to admit water again slowly to where this action can be repeated. 

Individual urinals which siphon by admitting additional water 
to that which normally stands in the fixture, and various other types, 
will be best understood from a study of dealers' catalogues. In good 
work, marble backs and partitions usually enclose the urinals on 
three sides. Marble and slate stalls of various construction, with 
channeled and guttered floor, as shown in Fig. 50, all washed by 
perforated pipes fixed along the surfaces, are frequently used in lieu 
of specific urinal fixtures. A thick base of slab material is sometimes 
used, the gutter and drain-hole being cut in it. Cast-iron gutters, 
galvanized or enameled, with an outlet-end adapted to a soil-pipe 
connection, are supplied by the makers. 

In describing the fixtures and trimmings that have been noticed, 
only salient features of form and principles of design have been con- 
sidered. Sufficient guidance to insure intelligent comparison of 
merits and skilful discrimination in selection, has been given. Cata- 
logue detail and illustration, and a view of the actual goods described 
therein, should, with what has now been given, insure the fullest 
understanding of the fixture branch of Plumbing. 

HOUSE WATER SUPPLY 

While the plumber is apt to give more attention to supply pipe, 
and to methods of installing it in buildings to secure specific service, 
water supply embraces also, in its broadest sense, the source and qual- 
ity of water and the means of conveying it to the building. Plumbers 
generally have little dealing with water supply outside of the house 
waUs. Custom has fixed certain arbitrary sizes in ordinary work, to 
such a degi'ee that the average plumber has generally ignored informa- 
tion on the flow of water through pipes. Indeed, he is so rarely in 
actua\ need of this knowledge, that it appears a burden to acquire and 
to fix permanently in his mind the simplest formula bearing on the 
subject. Enough information to determine approximate deliveries 



271 



56 PLUMBING 

and point the road to further research, will not be out of place in 
behalf of those who may need simple directions. 

The laws of gravity are the basis for the science of hydraulics, of 
which a prime factor of every problem is velocity. There is no excep- 
tion to the rule that all bodies falling freely, descend at the same rate — 
in round numbers, 16 feet for the first second, at the end of which the 
acquired velocity is one of 32 feet a second. This is the basis on 
which are formulated the laws of falling bodies, which, exhibiting 
what is known as velocity of efflux, together with loss by friction, must 
be considered when calculating the flow of water. 

There are three kinds of velocity — uniform, decelerated, and 
retarded. It is the last, and its cause, friction, that plumbers should 
be most interested in, as velocities calculated merely from the laws of 
falling bodies do not take account of friction, change of course, etc., 
which must be allowed for as causes diminishing the deliveiy of water 
through pipes. Briefly stated, the mysterious-looking Torricellian 
formula V 2gh = V, means only that velocity is found by extracting 
the square root of the product of the head multiplied by 2 X 32, g 
standing for the force of gravity, and h for the height. For example, 
a stream filling a 1-inch pipe, with 25 feet head of water, would have 
a velocity calculated thus: 2 X 32 X 25 = 1,600; and the square 
root of 1,600 = 40 = Velocity, friction not considered. 

The shape of the orifice through which water enters a pipe, has 
much to do with the amount of water that will enter it. Friction 
against the sides of the pipe, and change of direction due to bends and 
connections, occasion great variation from the theoretical flow. Not 
only is the character of the pipe surface and fittings to be considered as 
initial causes varying the delivery, but velocity, the all-important 
factor, must be reckoned with in every instance. With a velocity of 
10 feet per second in a pipe of comparatively smooth interior surface, 
the friction loss in pounds on one square foot of surface will be about 
i pound. If this velocity is increased or diminished, the factor of 
friction will vary accordingly, always in proportion to the square of 
the velocity. Suppose the velocity to be 20 feet instead of 10 feet per 
second; we then have, 10 squared equals 100, and 20 squared equals 
400. The square of these velocities is as 1 to 4, and as we assign a 
^-pound loss to ten feet velocity per second, on a stated amount of 
surface, the friction due to doubling the velocity should be four times 
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a i pound = 2 pounds, showing that doubling the velocity increases 
the friction four-fold ; trebling it increases friction nine-fold, etc. 

A column of water weighs .43 pound per square inch of base, per 
vertical foot. Therefore a vertical pipe 100 feet high, with 1-inch 
sectional area, filled with water, would contain 43 pounds, and a 
gauge at the bottom would show 43 pounds pressure. If the pipe 
were only J inch, or were 40 inches in diameter, the gauge would show 
the same pressure for the same vertical height — namely, .43 pound 
per square inch per vertical foot. A head of water expressed in feet, 
may be changed to pounds by multiplying the feet of head by .43. 
Pressure is made to read in feet of head by multiplying pressure per 
square inch by 2.3. A head of wafer is the number of vertical feet 
from level of source of supply to center of outlet or point of delivery. 

Diameter of the pipe has nothing to do with static head or pres- 
sure; but its relation to the size of the orifice from which the water 
is to be drawn has much to do with the amount of pressure lost by 
friction. If a faucet and supply pipe are of equal capacity, and we 
double the size of the pipe, the velocity of the water flowing through 
it is reduced three-fourths; and the friction is, under these conditions, 
but one-sixteenth what it was in the original size. Moreover, as in 
drawing similar amounts of water under the same head through a 
one-inch and a two-inch pipe, the amount of friction surface presented 
is twice as great in the one-inch as in the two-inch pipe, the friction in 
the one-inch can be shown to be 32 times as much as in the two-inch 
pipe. 

With the formula given above, one can roughly approximate by 
finding the theoretical delivery and deducting a liberal percentage for 
friction, according to size, length of pipe, and head or pressure. The 
subject, however, is vast and tedious, introducing intricate calcu- 
lations in higher mathematics when considered in detail with a view 
to extreme accuracy of results, and is a branch properly belonging to 
hydrodynamics, rather than suited to presentation at length here. 
Two tables are given, however, which with the rules for use, will be 
of value to those who fail to make further research. 

Table I shows the pressure of water in pounds per square inch 
for elevations varying in height from 1 to 135 feet. 

Table II gives the drop in pressure due to friction in pipes of 
different diameters for varying rates of flow. The figures given 
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TABLE I 



Head 

in 
feet 


Pressure 

pounds per 

square inch 


Head 

in 

feet 


Pressure 

pounds per 

square inch 


Head 

in 
feet 


Pressure 

pounds per 

square inch 


1 


.48 


46 


19.92 


91 


89.42 


2 


.86 


47 


20.35 


92 


89.86 


8 


1.80 


48 


20.79 


93 


40.28 


4 


1.78 


49 


21.22 


94 


40.72 


5 


2.16 


50 


21.65 


95 


41.15 


6 


2.59 


51 


22.09 


96 


41.68 


7 


8.03 


52 


22.52 


97 


42.01 


8 


8.46 


53 


22.95 


98 


42.45 


9 


8.89 


54 


28.39 


99 


42.88 


10 


4.88 


65 


23.82 


100 


43.81 


11 


4.76 


66 


24.26 


101 


48.75 


12 


5.20 


67 


24.69 


102 


44.18 


18 


6.63 


68 


25.12 


103 


44.61 


14 


6.06 


59 


25.55 


104 


45.06 


15 


6.49 


60 


25.99 


105 


45.48 


16 


6.92 


61 


26.42 


106 


45.91 


17 


7.36 


62 


26.85 


107 


46.34 


18 


7.79 


68 


27.29 


108 


46.78 


19 


8.22 


64 


27.72 


109 


47.21 


20 


8.66 


65 


28.15 


110 


47.64 


21 


9.09 


66 


28.58 


111 


48.08 


22 


9.53 


67 


29.02 


112 


48.51 


28 


9.96 


68 


29.45 


118 


48.94 


24 


10.39 


69 


29.88 


114 


49.38 


25 


10.82 


70 


30.32 


115 


49.81 


26 


11.26 


71 


30.T5 


116 


50.24 


27 


11.69 


72 


31.18 


117 


60.68 


28 


12.12 


78 


31.62 


118 


61.11 


29 


12.65 


74 


32.05 


119 


51.54 


80 


12.99 


75 


32.48 


120 


51.98 


81 


18.42 


76 


32.92 


121 


52.41 


82 


18.86 


77 


83.35 


122 


52.84 


88 


14.29 


78 


38.78 


128 


68.28 


34 


14.72 


79 


84.21 


124 


58.71 


85 


15.16 


80 


84.65 


125 


64.15 


86 


15.59 


81 


85.08 


126 


54.58 


87 


16.02 


82 


85.52 


127 


66.01 


88 


16.46 


88 


85.95 


128 


56.44 


89 


16.89 


84 


36.39 


129 


55.88 


40 


17.82 


85 


36.82 


130 


56.81 


41 


17.75 


86 


87.25 


131 


56.74 


42 


18.19 


87 


37.68 


132 


57.18 


43 


18.62 


88 


88.12 


188 


57.61 


44 


19.05 


89 


38.55 


184 


58.04 


45 


19.49 


90 


38.98 


135 


58.48 

— -T — ■ 
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are for pipes 100 feet in height. The frictional resistance in smooth 
pipes having a, constant flpw of water through them is proportional 
to the length of pipe. That is, if the friction causes a drop in pressure 
of 4.07 pounds per square inch in a IJ-inch pipe 100 feet long, which 
is dischai^ing 20 gallons per|minute, it will cause a drop of 4.07 X 2 = 
8.14 poundsinapipe200feet long ;or 4,07 -^2 = 2.03 pounds in apipe 50 
feet long, acting under the same conditions. The factors given in the 
table are for pipes of smooth interior, like lead, brass, or wrought iron. 

TABLE [[ 

Friction Loss in lb. per sq. in., per 100 ft. of Clean Iron Pipe of Sizes 

Given, Togettier witti Number Gallons Discharged per min., 

and Velocity of Flow of Water per sec. 
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The friction due to fittings is generally taken to equal straight 
additional pipe for each as foHows: 90° ells, 40 diameters ; pipe enter- 
ing tee, 60 diameters; pipe entering coupling, 20 diameters, and, inter- 
posing a globe valve, 60 diameters. 

Ej^amples. A 1^-inch pipe 100 feet long connected with a cis- 
tern is to discharge 35 gallons per minute. At what elevation above 
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the end of the pipe must the surface of the water in the cistern be to 
produce this flow? 

In Table II we find the friction loss for a 1 |-inch pipe discharging 
35 gallons per minute to be 5.05 pounds. In Table I we find a pres- 
sure of 5.2 pounds corresponds to a head of 12 feet, which is approx- 
imately the elevation required. 

How many gallons will be discharged through a 2-inch pipe 
100 feet long where the inlet is 22 feet above the outlet? In 
Table I we find a head of 22 feet corresponds to a pressure of 9.53 
pounds. Then, looking in Table II, we find in the column of Friction 
Loss for a 2-inch pipe that a pressure of 9.46 corresponds to a dis- 
charge of 100 gallons per minute. 

Tables I and II are commonly used together in examples. 

A house requiring a maximum of 10 gallons of water per minute 
is to be supplied from a spring which is located 600 feet distant, and 
at an elevation of 50 feet above the point of discharge. What size 
of pipe will be required? From Table I we find an elevation or head 
of 50 feet will produce a pressure of 21.65 pounds per square inch. 
Then if the length of the pipe were only 100 feet, we should have a 
pressure of 21.65 pounds available to overcome the friction in the 
pipe, and could follow along the line corresponding to 10 gallons in 
Table II until we came to the friction loss corresponding most nearly 
to 21.65, and take the size of pipe corresponding. But as the length 
of the pipe is 600 feet, the friction loss will be six times that given in 
Table II for given sizes of pipe and rates of flow; hence we must 
divide 21.65 by 6 to obtain the available head to overcome friction, 
and look for this quantity in the table, 21.65 -^6 = 3.61, and Table II 
shows us that a 1-inch pipe will discharge 10 gallons per minute with 
a friction loss of 3.16 pounds, and this is the size we should use. 

EXAMPLES FOR PRACTICE 

1. What size pipe will discharge 40 gallons per minute, a dis- 
tance of 50 feet, with a pressure head of 19 feet? Ans. IJ-inch 

2. What head will be required to discharge 100 gallons per 
minute through a 2§-inch pipe 700 feet long? Ans. 52 feet 

In calculating the contents of pipes, cylinders, and cisterns^ 
where it is usual to correct the area found as a result of squaring the 
diameter by multiplying by .7854, before dividing by 231 for U. S. 
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gallons, multiplication by the decimal may be omitted, and dividing 
by 294 instead of 231 will then give the same result. 

TYPES OF WATER SUPPLY 

There are various ways in which it may be necessary to obtain the 
water supply for a building. The usual course in cities and towns is 
to employ the Municipal Water Works service. This, of course, 
settles the supply feature, and the plumber simply provides the house 
and yard pipe, f-inch or larger main, according to the character of 
the work. If of lead, the pipe must be of strength according with the 
pressure. Any of the light-weight grades of lead supply will stand 
1,000 pounds per square inch for a short time; and the usual strength 
used on 50- to 80-pound pressure will not burst under 1,400 to 1,600 
pounds when new and unstrained. Under constant pressure, the 
enormous strain p>ossible from water-hammer, and general deteri- 
oration from use, make it advisable to employ pipe which, when new, 
is 20 times as strong as that necessary to contain the pressure. No 
attention is necessary as to the strength of zinc-coated or tin-coated 
iron pipe; it will stand any pressure ordinarily encountered. 

The two general methods of supplying buildings with water are: 
(1) the direct system; and (2) the indirect or tank system. The direct 
method, generally employed in cities, places each fixture connected 
with the supply under the same pressure as the street main, unless a 
reducing valve is introduced, thus often subjecting the work to need- 
less high pressure and always to the widely varying conditions and 
quality of service incidental to such use. In the direct system it is 
good practice, where at all practicable, to pipe and fit the work gen- 
erally for pressure not exceeding 50 pounds per square inch, and 
then use a reducing valve to maintain such pressure as is required. 

The indirect method is almost always necessarily employed in 
isolated work; and even where municipal service is available, it is 
generally better for ordinary domestic purposes. With the indirect 
system, the connection with the street main is carried directly to a 
tank placed in the attic, or at some point above the highest fixture, as 
shown in Fig. 51. The supply to tank is regulated by a ball-cock 
which automatically shuts off the water when the tank becomes full, 
and opens and refills it again when water is drawn out. All the 
plumbing fixtures are supplied directly from the tank, and are there- 
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fore under a constant minimum pressure depending on the distance the 
fixtures are situated below the tank. The tank storage is a matter of 
great convenience during repairs to street mains, aside from its ad- 
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Fig. 51. Indirect or Tank System of House Supply. 

vantages of uniform pressure, reduced expense of fitting and main- 
taining low-pressure work, etc. 

In municipalities where the pressure in the main is not suflBcient 
to carry the water up to the house tank in the attic, and in elevated 
situations, an automatic, electrically-operated rotary or other suitable 
form of pump is often installed to lift the water. A screw pump 
like that shown in Fig. 52 is especially adapted to this use when 
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equipped with an electric motor to start and stop automatically hy 
means of a float in the tank operating an electric switch as shown in 
the engraving. 

Where steam pres- 
sure is available, steam- 
operated pumps are 
very frequently used, and 
are invariably arranged 
for automatic service 
whether there are engi- 
neers regularly in attend- 
ance or not. A device 
that may be attached to 
steam pumps for this 
purpose is shown in Fig, 
53. When the high-water 
line in the tank is reached, 
the float closes a valve 
in the pump discharge 
pipe, thus promptly in- 
creasing the pressure in 
it so as to actuate a pis- 
ton through a pipe con- 
nection from the pump 
discharge to the regula- 
tor beneath the piston 
head. The regulator is 
shown complete, in de- 
tail, partly in section, in 

Fig. 54. Raising the pis- ^ 

ton shuts off the steam sfR££r' MAirf^ 

supply to the pump at 

the governor valve. 

\\'hen the water line in 

the tank is lowered, the 

Boat falls and the ball 

valve opens, relieving the pressure in the pump discharge pipe and 

allowing the steam governor valve to open by the action of the coun- 
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terweights attached to the lever arm, as shown; and the pump then 
works regularly until the lifting of the float by the rising water again 
closes the valve in the pump discharge and repeats the action de- 
scribed. 

Outside of corporations, the supply may be from an elevated 




blO^-offcockx . 
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spring or stream, or from wells, cisterns, or other sources below the 
level of use. If the natural supply is high enough, it may be con- 
veyed into a tank of sufficient height without intermediate apparatus. 
Tanks inside the dwelling or house are best, ordinarily. 

Tanks for cold-water storage are made of various materials and 
in different shapes and sizes, according to the special uses for which 
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they are required. For indoor use, copper-lined or lead-lined wood- 
case tanks without safe-pans, and wrou^t-iron or cast-iron tanks 
with safe-pans to catch the conden- 
' ~ :i . 1. P sation, constitute the list generally 

favored by reason of superior fit- 
ness. Within limited dimensions, 
a durable and satisfactory tank-case 
can be made of heavy, welUfitted, 
and well-seasoned plank bolted to- 
gether with iron rods and nuts, as 
shown in Fig. 55. For large sizes, 
heavy wood stays with tie-rods one- 
third of the way from each end, are 
added. With copper linings, but 
few nails should be used ; and they 
should be so placed as to be cov- 
ered by the copper, the joints being 
soldered by soaking the best quali^ 
of solder into tlie seams. The lock- 
^■B^iea^oiieiii^r*^^^ '"S '^^ ^^^ seams is shown greatly 
exaggerated in the engraving. 
Cast-iron sectional tanks, like the form shown in Fig. 56, can be 



had in almost any size or shape. They are made up of plates planed 




and bolted togethe 
The sections are i 



, the joints being made water-tight with cement 
I convenient sizes, so that they can be handled 
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easily, and conveyed without difficulty through small doorways or 
other openings to any part of the house. These tanks are easily set 
up, and are practically indestructible. Open and closed wrought-iron 
tanks, plain or galvanized, are often used, but are not so easily handled; 
and the larger sizes require to be riveted together and calked in place. 
Lead-lined tanks are most frequently used for ordinary house 
plumbing. The linings were formerly wiped-in without exception. 
Sweating the lead together with a torch flame is however, quite as 
durable, and is much cheaper. To sweai-in a lining, take the exact 
length and breadth of the tank, trying at different points to be sure of 
allowing for any variations. Then cut out the bottom lining just the 
shape of the tank bottom, one and one-half inches larger each way, 
less twice the thickness of the lead. This allows three-quarters of an 





Fig. 57. Marking Off Bottom 
Sheet of Lead for Tank Lin- 
ing. Leaving Edge to be 
Turned Up. 



Fig. 58. Bending Bottom Sheet of Lead Ready to be 

Put in Tank. 



inch to turn up all around ; and the bottom will just fit when the side 
pieces are in place. Mark off the bottom all around, as shown by 
the dotted lines in Fig. 57; and turn up the edge. With the inter- 
section of the lines A as a center, and the termination of one of them 
as a starting point, describe the line B, and cut off the comer outside 
of it. Then work the comer up square without a kink. If the lead 
is hea\y, a little heat will make it work better. After working-up, 
the lead at the corners will be much thicker than along the sides; 
this may be needed in stretching out, at some of the corners. 

When the edges and comers of the bottom are formed, clean the 
edges and about three-eighths of an inch down the outside all around, 
and rub the clean part with sperm candle. Next make a mark, say 
three feet from one end on each side, as at E and F, Fig 58. Then, 
on lines C and /), push the edges down inside, and fold the ends over 
as indicated by the dotted lines. 
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The bottom is now ready to be put in the tank, but it must wait 
until the sides and ends are in. If the sides and ends are light enough 
to be handled after joining Hke a ring, cut out a strip half an inch 
longer than will exactly go around the tank inside, equal to its depth 
plus the thickness of the tank wood 
for a flange at the top, as shown at 
J, Fig. 63, Then clean a half-inch 
of the under side and edge of the 
end that is to show in the seam, 
and three-quarters of an inch of the 
side that comes in contact with it, 
at the other end. The lead may 
then be propped up in the position 
shown in Fig, 59, by means of tres- 
tles and poles or in any other conven- 
ient manner; and the seam may be 
set, as shown, upon a board of hardwood, and the solder sweated 
into the lap by means of the torch and blowpipe. Solder for this kind 
of work should be three-fifths tin and two-fifths lead. A hardwood 
board is used because it will not smoke and bum like soft wood. 

When the seam is made in this way, it shows inside the tank, 
and a good joint where the bottom seam crosses it can be made with 
ease, while one is 
never quite sure of 
the result if the 
seam crossed is on 
the other side. 

Another meth- 
od is to cut the 
lead the exact 
length that will go 
around the tank, 
clean the edges, butt 
them together over 
a hardwood board, as shown in Fig. 00, and bvm them together 
instead of soldering. This can l>e done by using, instead of solder, 
a well-cleane<l strip of lead about lialf an inch wide. Sperm 
candle will also answer as flux for burning. A piece of sted 




^r Method nf Jiiliilng Ih^ Two Ends or the Lead 
EDds an? Kutlnl auiiliist Earh olher Over 
irdwoud Hoiril and Fused Toueiher. 
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or iron is best to place under the seam when burning, as more 

heat is required to do the work. An old crosscut saw blade, 

fastened to a board, serves well for such seams. The bottom 

edge of the side lining should be cleaned Ij-jnches wide, as shown 

at H, Fig. 61, which indicates how the 

cleanings on the bottom and the side and 

end lining come tt^ther in the tank. It 

is a good plan to run the soil brush 

around the bottom edge of the lining, as 

shown at O and P, Fig. 61. The soil 

keeps the solder from sweating too deep, 

and enables the seam to fill quickly. 

Further than this, however, soiling, as 

in the preparation for wiping, is not 

necessary for sweated seams. 

When the side lining "loop" is 
ready, lift it into the tank, square it out, ij^ib- 

flange over at the top, and secure the flange with brass, copper, or 
galvanized nails. Next, mark distances in the tank corresponding 
to those at E and F in Fig. 58. Then catch the bottom at the folded 
edges (Fig. 58), and lower it into the tank. As the ends are folded, 
there is room to stand inside the tank at the ends. Pull the folds 
upright so that marks E and F can be seen, 
and slide the bottom back or forward until 
F^ _^^^=^*^^^ ^ snd F correspond with the marks made 
f^ " "'^•^^^^ on the side lining. The ends may then be 
pushed down in place, and will be found 
to fit exactly if the measures have been prop- 
erly taken. 

After dressing down the bottom and 
pressing the tumed-up edges against the 
sides and ends, sweat the bottom to the 
fte. Bs, Method ot Keeping sides in the same way as the other seam 
i^B urrrttht^seam "*"' was made, being sure that the solder 

"takes" well to both pieces of lead. 
When a tank is large, handle the sides and ends in two or more 
pieces, always having the seams that are to be made in place come 
at the ends of the tank, as the ends are stiflest and best to brace against. 
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Kg. 62 shows the method of keeping the lead in place while making 
the upright seam in the tank, I being the tank wood, J J the lining, K 
the straight edge, and M the brace. X is a piece of hanjwood fastened 
to a strip of steel (a piece of an old framing square), as shown in the cut, 

the wood being about four 
inches wide by two feet long, 
and the steel L sticking half 
an inch out from the bev- 
eled edge of the wood. This 
steel edge keeps the lead 
from buckling under influ- 
ence of the flame while 

Fl^.ea. section Showing Lead Lining in Place, and blowing the seam, and is 
Method of Bracing for Making Upright Seams. much better than a WOod 

straight-edge, as it can be applied at the proper place with no fear of 
its burning or annoying the operator by smoking from the heat. 

Fig. 63 shows the lining in place, and the method of applying the 
brace and straight-edge to the seams that are to be blown upright in 
position. Letters and parts in Figs. 62 and 63 correspond, N in 
Fig. 63 being the bottom. 

Unless the supply is regular and abundant, and the storage by 
gravity, outside tanks of ordinary 
capacity, if of wood, are expensive 
and troublesome from leakage 
due to shrinkage of staves above 
the water-line and from necessity 
of painting; if of iron, from 
change produced in the character 
of the water, and, freezing; cost 
of boxing, delivery to, and dis- 
charge from, in a frost-proof 
manner, etc., are common to all 
forms of outside overhead tanks. 

A spring svpply will answer if high enough to store by gravity; 
or a waterfall above or below the house level niav be handled with 
a hydraulic ram if 5 to 15 per cent of the available water will suSice. 

Hydraulic Ram. A ram uses the energy of a fall to elevate part 
of the water passing through it — one-sLxth or less, according to the 




Fig. 64. 



Illustrating Principles of the 
llytiraulic Ram 
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fall and the height to which the water is to be delivered. Four feet 
of fall is about as little as can be utilized to advantage; and fifty feet 
of liberal-size drive-pipe, even though it has to be coiled with uniform 
fall, is necessary to give the water momentum enough to get the best 
results. 

Fig. 64 illustrates the elementary principles of a simple ram. 
A represents the source or spring; B, the drive (supply) pipe; C, a 
valve opening upward; 2), an air-chamber; E^ a valve tending to 
close downward by gravity; and F, the discharge pipe. In action, 
the water passes through the ram and out at a waste valve E^ which 
is open downward until sufficient velocity is attained to lift it and close 
the waste exit. There being then no other means of egress, the 
check-valve C, opening upward to the discharge pipe, is forced open; 
and the energy of acquired momentum delivers water into the air- 
chamber D and discharge pipe F, until the pressure on the waste 
valve falls too low to hold it up (closed). The check-valve C then 
closes, and retains the water in the discharge; and the waste valve 
E falls open by gravity, leaving a comparatively unrestricted exit 
through which the water continues to waste with increasing force 
until the velocity in the drive pipe is again sufficient to repeat the 
impulsive delivery. Rams are made with large air-chambers, to 
cushion the initial strain of impulse, and should have a delivery pipe 
at least one size larger than the ram opening, especially if working 
under light fall or high delivery. 

Cisterns are seldom so deep or situated so low that ordinary 
house force-pumps within doors cannot be used. The distance of the 
cylinder above the lowest level from which water may need to be 
pumped, is limited in all pumps alike — 33 feet 9 inches atmospheric 
lift under perfect conditions, and about 25 feet under the most perfect 
practicable pump arrangement. Indeed, the velocity of flow into the 
cylinder at any point above 20 feet is so slow that in practice the cylin- 
der should be well within a twenty-foot limit in vertical distance from 
the water; and the closer the better. A foot-valve strainer at the end 
of a cistern suction pipe will keep the pipe filled and avoid frequent 
exhausting of the air before water can be obtained. When a foot 
valve is used, means of draining the suction to below frost line, when 
necessary, must be. provided. 
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A common suction pump, shown in Fig, 65, is the type generalljf 
used in cisterns or other veiy short lifts. B is the plunger; C, the 
bottom valve; and D, the plunger valve. When the plunger is drawn 
up, a vacuum is formed in the cylinder, and water flows in throu^ C 
to fill it. When the plunger is forced down, valve D opens and allows 
the water to flow through the plunger while 
C remains closed. Water is thus raised by 
the plunger at each stroke and flows from the 
spout in an intermittent stream. The atmos- 
pheric limit is indicated in the engraving; 
but, as before stated, the practical lift is 
taken at 20 feet or less in pumps having the ' 
plunger valve at the ground level. The 
plunger in this kind of pump is made to 
trip the bottom valve and drain the pump 
at will, without a waste-hole or special cock, 
by merely lifting the handle as high as pos- 
sible. 

When the surface of the water is a 

greater distance below the pump stock than 

ordinaiy suction can reach effectively, the 

cvlinder and its working parts must be placed fir-bs. commonTypeofSno- 
"... . ,, ,. ., , ,.,, , ,. mi - UoD Pump for Sborl Lllu. 

Within the hmits of Lit by suction. Ihis 

form is termed a lift pump, one type of which is shown in Fig. 66. 

This particular form is confined to onlinary open shallow wells or 

deep cisterns. It drains automatically tlirough a waste-hole always 

open below frost line, located in the stock above the working barrel. 

There is no limit except tlie strength of the parts, to which a good 

lift pump will not bring water if the cylinder is near enough to the 

water and the pump in good order. 
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The forcing feature of a pump, making it a lift and force pump, is 
secured by working the rod of an ordinary lift pump througli a stuffing 
box, and adding an air-chamber to take care of the surplus water 
pumped on the up-stroke and to expel it while the plunger is being 
lowered. All the water is pumped on the up-stroke of the plunger, 
in these pumps; and the expulsion of the surplus through the con- 
stricted spout, giving the familiar steady stream, is due to the action 
of the air compressed in the chamber. 

Double-acting lift and force pumps draw 
water by suction on both strokes, and act- 
Jir^VW ually expel it by force into the dischai^, 

^^ \ ^\ the suction and force being alternate in the 

ff'^ f ^\ same cylinder on both sides of a solid 
plunger. The air-chamber in these cush- 
ions the delivery. 

It may be stated here that hot water can- 
not be lifted by suction, because the boiling 
point of water depends upon the pressure 
on it. Therefore, any endeavor to create 
a vacuum with a pump results in vapor 
rising so freely as to prevent accomplishing 
appreciable results. Warm water can be 
forced by having the pump below the 
source, and practically allowing the water 
to flow into the pump by gravi^. 

In wells, whether driven, tubular, or open, 
it is advisable to have the cylinder very near 
the bottom. The pump standard, for hand 
use, should be strong, well-ma^le, of 10-inch stroke, with rocking 
fulcrum, and with rod guided in perfect alignment; the handle lever- 
age at least 6 to 1; lift pipe not less than 2 inches; rod, hollow, gal- 
vanized or wood; cylinder, at least twice the length of stroke, brass- 
lined, and not larger in diameter than the lift pipe — the whole being 
such that all valves can be withdrawn through the pipe and standard 
for repair or renewal without disturbing either standard body or pipe. 
A drain valve to empty standani and pipe Ix-low freezing point, is 
essential. A pump outfit of this character, to deliver water at the 
ground level, will require at the handle grip, 6 to 8 pounds force on 
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40-foot, 10 to 12 pounds on 50-foot, and 14 to 16 pounds on 60-foot 
wells. The lift pipe (above cylinder) should not be plain iron pipe. 
Polished iron cylinders ought not to be used, even though they are to 
be always submerged ; incrustation will make it diflScult to withdraw 
the cup-leathers — to say nothing of other objections. 

The trouble with cylinders of larger diameter than the lift pipe, 
is the time and expense of withdrawing pipe and standard for repairs; 
and, of course, the power in pounds to pump with them equals the 
total lift multiplied by the sectional area of the cylinder in inches. 

The importance of cylinder diameter will be better understood 
by comparison. A total lift of 100 feet, with cylinder 2 inches in 
diameter, gives 135 pounds, which, with the handle leverage at 6 to 1, 
will be lifted with from 22 to 25 pounds' force according to kind of 
rod, tightness of stuffing box, size of lift pipe, etc. With the same 
outfit and conditions, merely substitute a cylinder of 4 inches' diameter, 
and 540 pounds will then require to be lifted, which, with the same 
ratio of leverage, calls for over 90 pounds' force on the handle to lift the 
water. Then, if the lift pipe is materially smaller than the cylinder, 
the increase in velocity, when the cylinder water enters the lift pipe 
calls for an additional force that would astonish one. This should 
make it plain why so many pump standards are wrecked, bolts worn 
off, holes worn oblong, handles broken, cylinders continually needing 
new valves, and owners disgusted ; it is all due to the lack of proper 
proportion of parts, and the enormous amount of needless work thus 
occasioned. 

Toted lift is the distance from the level of the source pumped 
from, to the point of discharge. This includes height to elevated tank, 
if there be one, and the distance from cylinder to water, if the cylinder 
is above the water; yet many mechanics are inclined to ignore the 
latter on the ground that the atmosphere lifts the water to the cylinder. 
It does, in fact; but the power of the vacuum which permits the atmos- 
phere to lift the water, is as great as the weight of water so lifted, and 
the vacuum itself is produced and maintained by the energy of the 
person pumping. 

A pump being outside for the purpose of sprinkling, filling ves- 
sels, etc., need not interfere with employing it to deliver water imder- 
ground to the house and up to elevated tank. A cock-spout, a packed 
stuffing box, and a line of pipe below freezing from lift pipe to tank. 
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are the essentials. Delivery to tank should be made over top of tank; 
and the line should have a cock and drain so that the tank pipe can be 
emptied when desired, and so that full force for sprinkling can be 
had by cutting off the tank line. When pumping to the tank, it is 
merely necessary to have the cock-spout closed and the shut-off of the 
tank line turned on. 

The advantages of having the pump indoors, at the sink, are, 
(1) that water may be pumped for use directly; and (2) that it is not 
necessary to go outside in bad weather in order to fill the tank. The 
indoor pump wdll also conveniently serve ordinary purposes when 
other water fixtures of the house are out of repair. 

Small gasoline engines, by means of pumping jacks or other 
methods of actuating, are often used to operate pumps. Automatic 
electric pumps are the most modern and satisfactory equipment for 
pumping soft water into house service pipes or reversing the pressure 
in city pipes, as shown in Fig. 67. 

Windmills are a favorite means of operating outside pumps in 
localities where the mean wind velocity is high enough to run them 
economically. Light winds, and water at great depths, both con- 
tribute to increasing the size and cost of mills; while spasmodic 
winds require great storage capacity. If the mean wind velocity is 
under 7 miles per hour, mills are suited to very light pumping only. 
Windmills require self-priming pumps — that is, pumps that are 
always ready to pump water without adding priming or working 
rapidly to get water to the cylinder. They are also provided with 
governors to avoid pumping after the tank is full, and with means 
which high winds will automatically operate, for folding the mill out 
of the wind. Light winds and severe duty are counterbalanced to 
some extent by gearing the wheel for higher speed than is communi- 
cated to the actuating rod. 

Hot-air engines can be used indoors if the supply is within the 
vertical distance limit and not too far from the house. If the well or 
source is far away, it is best to build a frost-proof house for the engine, 
close to the source or over the well, so that direct connection to pump- 
rod can be made. Hot-air engines, like gasoline engines, depend 
on the momentum of the speed wheel doing the work through 
part of the interval. In the double-cylinder t^-pe, heat from wood, 
coal, gas, or oil expands the air under the piston of the power side, 
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and drives it up. At the same time, the other piston draws the 
air over through a heat accumulator of iron plates, where it comes 
in contact with a water-jacket that is filled by passing the pump 
discharge through it, the air thus losing some of its heat by imparting 
it to the water in the jacket. The same air is then forced back through 
the accumulator, where it reabsorbs some of the heat previously 
parted with, and is 
compressed in its par- 
tially cooled state in 
the bottom of the cyl- 
inder on the combus- 
tion side, where, by 
again absorbing heat 
from the fuel, the 
process is caused to 
be repeated. 

Hydraulic water- 
lift^ have of late years 
been used to elevate 
water by water-pres- 
sure. With them va- 
rious arrangements of 
piping to suit a wide 
scope of conditions are 
possible. If city water 
pressuredoesnot reach 
the upper floors, the 
pressure on the lower 
floor may be employed 
to lift the supply for 
the upper floors, either for direct use from the pipe as usual, by aid 
of a closed accumulator, or by first delivering the water elevated into 
an open tank and then piping as in the ordinary tank installation. 
The power-water of a lift (that used to elevate with) Is not wasted 
as in the case of a ram. The service for the low-level fixtures is sim- 
ply carried through the power cylinder of the lift, and elevation takes 
place only during the use of faucets connected to the street pressure. 
The amount of water elevated is therefore governed by consumptioo 




78 



PLUMBING 



on the lower floors; and the ratio of amount elevated to that used 
directly from the initial pressure, is as the capacity of the power cyl- 
inder to that of the one operated by it. An approximate estimation 




of the relative amounts of elevated and initial supply needed, must, 
on tliis account, be made before a proper lift can be selected. 

Cistern water can also be lifted by this method to either an open 
or closed tank, using or wasting the power-water according to circum- 
stances. In Fig. 68 is shown a plan by which hard city water 
pumps rain water for baths, trays, etc., by means of a water lift. 
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Domestic supply by what is termed the Pneumatic System, is a 
feature of modem plumbing in many isolated buildings. The manner 
of pumping, though it may be accomplished by any of the means 
mentioned, is usually by hand pump. Instead of the open elevated 
tank supplying the fixtures by gravity, a closed tank capable of with- 
standing the required pressiue is placed either in the cellar or in the 
ground. The pump is 
connected with the tank 
at the bottom, with a 
check- valve between 
the pump and tank. The 
house service is also 
taken from the bottom 
of the tank. Pumping 
the water in, crowds the 
air in the tank into the 
upper portion, so that, 
by the time the tank b 
three-quarters filled with 
water, there is in the 
neighborhood of four 
atmospheres' (or 45 
pounds') pressure on the 
gauge. At one-fourth 
full, the gauge pressure 
would be 71 pounds;one~ 
half full, 15 pounds; 
seven-eighths full, 105 
pounds. When the tank 
13 placed honzonta!, the 

simple definite relation of altitude of contents in the tank to contents 
is in evidence only at half-full. Above the center the percentage of 
contents exceeds that of the altitude, while below, it is less. With 
vertical tanks however, as shown (level) , the altitude is always in pro- 
portion to the contents. Part of the storage tank being occupied 
by air, and much of the water in it not available under the 
pressure thus established, higher pressures are often employed, 
either by pumping air into the tank witli a separate pump, or by 
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use of a pump delivering both water and air. The former is the 
more satisfactory. 

A type of pneumatic service apparatus is shown in Fig. 69. The 
good features of these systems are that cheap and pennanent support 
for the tank is secured ; the water is kept cool in sunmier and free of 
frost in winter; and, if sufiBcient capacity is provided, fire-pressure for 
a time can be obtained. The disadvantages are that plain iron 
cylinders injure the water; galvanized cylinders are costly; large 
cylinders are hard to make and keep air-tight through the strain of 
transportation and installation; calking seams is expensive; a battery 
of small cylinders offer numerous seams and connective joints as 
chances for leakage, and only a fraction of the water is available under 
ordinary pressure; high pressure is severe on the pump and parts; 
and hand pumping is very laborious. Pressure higher than necessary 
for the purpose, is useless expense in any system. 

WASHER AND HYDRANT 

Assuming that a house is to be piped from city pressure, the 
fixtures of the yard are nearly always a street washer and yard hydrant. 
The principle of these is the same; but the washer is primarily intended 
for the attachment of hose for sprinkling purposes, while the 
hydrant body extends above ground so that vessels may be placed 
under the nozzle to have water drawn into them. The hydrant may 
be used to draw either with or without a hose thread on the nozzle, 
while no use of the street washer is possible without the thread ; hence 
there may be a material difference in the water rates, according to 
the possible uses the water can be put to. 

The valve of these fixtures is placed at the bottom, 2 to 5 feet 
below the surface, according to climate. The working parts can be 
withdrawn for repairs without disturbing the body. Waste-holes are 
open when the pressure valve is closed, so that the stem and body will 
empty to below the freezing point. The pressure waste-hole is not 
entirely closed until the hydrant or washer is approximately wide open. 
For this reason, turning the water only partly on when drawing or 
sprinkling, while it does no apparent harm, is likely to lead to trouble. 
If the ground is clay, it does not soak up the waste. If there is a 
cellar near, it will sooner or later find its wav into it. 
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Even if care is taken in this regard and the hydrant valve fully 
opened when in use, there is a liability to serious dampness from the 
wastage into the ground of the water stored in the standpipe above 
the valve, which is always after a short period discharged below the 
ground-level through the waste-hole. 

The least trouble one may expect from careless use is that the 
ground around the fixture will be saturated, and the body stand full 
of water instead of draining away; and when cold weather sets in, 
damage by freezing will result. The action of frozen ground in pulling 
up on the body of these fixtures is severe. To avoid trouble from 
waste water and frost, certain precautions are taken in good work. 
The end of an iron pipe is too rigid for direct connection. To 
overcome this, fittings and nipples are added so as to make the 
connection indirect and secure the required spring in the joints and 
pipe, as well as freedom from torsion. A short piece of lead pipe 
answers the same purpose. A cavity formed about the base of the 
fixture and connections, permits freedom of action and greater im- 
munity from frost breakage. 

Usually, the only positive way to insure the waste water draining 
away harmlessly, is to bore a dry-well under the fixture and fill it 
with broken rock or fragments of hard brick. This filling should 
extend a little above the bottom of the fixture, and should have a stout 
cloth folded about the body and tucked down around the brick at the 
edges so that the earth cannot wash in and choke the crevices of the 
filling. 

SERVICE PIPES 

The supply to the house should have a stop and waste immediately 
outside the wall — or, preferably, just within the wall if the cellar is 
frost-proof. For outside use, the iron case box is best. Combination 
stop and waste cocks or valves of similar principle are generally used 
for this and all other shut-off purposes in plumbing work, where the 
waste feature is permissible at all. Two separate valves or cocks serve 
the purpose perfectly, of course ; but tlie waste is likely to be forgotten, 
thus leaving the pipe filled and subject to frost. Merely closing the 
stop and opening the waste on a closed line will not, however, drain the 
pipe. It is necessary, also, to open the faucets in the house, in order 
that air may enter at the upper end of each line and counterbalance 
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the atmospheric pressure at the waste so that the wafer will run out 
by gravity. If the pipe Is sagged at any point, the water retained 
will have to be blown out with the lungs. If the pipe is trapped by 
reason of its course, the trap is, or should be, provided with a drain 
cock, and this must also be opened to insure thorough draining. Air- 
chambers usually drain without attention as they are only partially 
filled by compression of the air trapped in them, and when the pressure 
is off, the air expands again and drives the water out. 

While speaking of draining pipes, it may be well to mention the 
draining and protection of waste traps from frost as well. Closet 
tanks can be drained by simply 
pulling the chain when the water is 
off. The bowl may be emptied 
with a sponge or rag; but, as com- 
munication would thus be opened 
between the house and soil pipe, 
this plan IS not ad\ised for any 
kind of trap Common salt added to 
the water in the trap will prevent 
freezing until the contents chill 
below zero, Fahrenheit Caustic 
boda lowers the freezing point, and 
may be used m earthenware with 
impunitj; but while it has shown 
no noticeable effect on metals, it 
should be used with caution, if at all, 
in both metal and porcelain-enameled iron fixtures. Glycerine and 
wood alcohol added in equal parts to make a 30 per cent solution in 
the trap or fixture, will prevent freezing above zero. If the house 
is being drained for a considerable period of disuse, the best anti- 
freezing and seal-protecting filling for ordinary traps is, perhaps, 
glycerine alone. It has the advantage of doing no injury whatever 
to any material used in such goods, and it will not evaporate, 

^^^lile it is sometimes necessary to place pipe in exposed positions, 
plumbing is not satisfactorj' if so exposed iis to freeze during regular 
occupancy of the house; and everj' precaution should be taken to locate 
the fixtures and design the pipe system so that freezing will be unlikely. 
When exposure cannot be avoided, placing the hot service below tha 
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cold on horizontal runs; providing circulation in the hot service so 
placed; provision for circulation in, or otherwise warming, the cold 
service; and employment of liberal air-chambers, may singly or 
otherwise reduce the trouble from freezing to a minimum. Fig. 70 
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Fig. 71. Iron Service Pipe Connected to Street Main by Lead 
Pipe to Secure Flexibility and Avoid Effects of Settling. 

illustrates the precaution taken in one instance to protect the service 
in a cold-climate job. Water for the whole job always depends upon 
the service being in working order, and in this case the character of the 
ground prohibited drilling down to carry it under the area wall. The 

wall is shown liberally channeled, 

thus making three walls and the ends 

of the box of stone. The pipe is 

packed in mineral wool. The main 

stop and waste cock is shown at A. 

Fig. 71 shows a method of se- 

'//^'"^ curing flexibility necessary to com- 

^ y/ pensate for settling when connect- 

/^FRviPF PiPr ^"g ^" i^o" service pipe with the 

street main, a section of lead sup- 
ply being wiped in next the main. 
The service box and stop-cock at 

Fig. 72. Service Pipe Carried beneath i . i 

Foundation Wall. the curb are not shown in the en- 

graving. The earth under the pipe should be rammed down solid 
after the connections are made, so that pressure from above will not 
break the connection or strain the cock. The connections between 
the lead and iron pipes should be made by means of brass ferrules 
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and wiped joints. A stop and waste cock should be placed in the 
service pipe just inside the cellar wall, and in a position where it will 
be accessible in case of accident. A drip pipe should be connected 
with the cock tube, for draining away the waste water, which would 
otherwise saturate the frost-proofing and chill the pipe by con- 
duction. 

Simple boxes with multiple walls with air-space between, may be 
employed in protecting pipes against frost; or a single box with mineral 
wool, hair, felt, shavings, or granulated cork may suffice. When the 
service is brought under the foundation before entering the cellar, 
as shown in Fig. 72, frost-proofing is seldom necessary. 

DIRECT SUPPLY 

The salient features of the supply system for city pressure, not 
already mentioned, are; separate shut-off cocks for the supplies of 

each fixture; separate lines to each 
isolated fixture or to each group 
of fixtures; f-inch supply to all 
sinks, trays, and baths; i-inch 
supply to water-closet tanks; and 
i or ^2 -inch branches for lavatories; 
no traps in supply lines; return cir- 
culation from lavatory hot supply 
so that hot water can be drawn 
instantly at the lavatory faucet; 
storage cylinder for hot water amply large to furnish a hot bath with- 
out robbing the hot service for other purposes; faucet on sediment 
pipe, so that water can be drawn at that point when desired ; and 
proper stove connection. All shut-offs in direct-pressure work, ex- 
cept where located immediately at the fixture, should be stop and 
waste, with the waste on the house or fixture side. 

On single runs of lead pipe, make all lx»nds on the same size of 
pipe, of the same radius. Make no bend on any size pipe, except 
tubing, of less than 3-inch radius to the centcT of the pipe. Give f 
and |-inch pipe bends 3-inch radius; and J and 1-inch pipe bends, 
4-inch radius. ^Vhere two pipes of different size run together and 
bend in opposite directions, give the bend of the smallest pipe the 
radius prescribed for the bend in the larger one, if practicable. 



Fig. 78. Method of Ijaying Out Con- 
centric Bends in Parallel Pipes. 
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TABLE 111 
DaU Relating to Offsets in Iron Pipe Work 



Bend Equal i 

i 60 « 

t 45 » 

h 30 = 

h 221= 

A "i° 

.V 51" 



.414 



1.15 
1,41' 
2.00 
2.61 
5.12 
10.22 



e direction, make the 
s shown in Figs. 73 



Where more than one pipe bend in the si 
bends of the pipes form arcs of concentric circles a 
and 74. To set off the offsets in Fig. 
74, draw line A, at the end of the 
first bends; and with the proper 
radii, describe the arcs that outline 
them. Set off one-ei^th of the 
circumference of the circle corre- 
sponding to the larger arc, and dtaw 
line C, cutting the center of the 
circle. Then produce dotted line 
D, and set oif a square the diagonal 
of which will give the straight 
pieces of the offset desired; and 
produce E parallel to C. Next de- 
scribe the arcs outlining the second 
bends, finding the center on E from 
radius equal to the corresponding 
radius at A, which will be the 
intersection for E and B. This 
brings the offset parts the same 
distance apart as the runs are. To 
accomplish this result with iron 
pipe, the centers of 45-degree fittings i.-.'""" ^v.^„ ...»,., 

would have to be placed at the intersections of tangents of the arcs 
extended, thus throwing the fittings in a line deviating 22| degrees 
from one perpendicular to the run. This plan is the strictly correct 
way for iron pipe, as well as lead pipe work; but on account of the 




86 PLUMBING 

difficulty of laying out the work, it is more usual to line up offset 
fittings perpendicular to the runs, and let the offset pieces fall, as 
they will, nearer to each other, center to center, than are the lines of 
the runs. 

Offset pieces from center to center of fittings exceed in length 
the distance oflFset in the ratio indicated by the constants given in 
Table III. To find the length of an offset piece, center to center of 
fittings, simply multiply the distance the line is to be offset, by the 
constant given for the particular fittings to be used. 

Water Supply to Fixtures. In a small installation, the running 
of a separate supply to each fixture is desirable. There is, however, 
a limit to the number of fixtures and isolated location of them, beyond 
which the furnishing of separate supplies to each faucet is folly, as, in 
addition to the confusion of pipes, and the expense, it leaves more 
material open to possible failure, and does not reduce the chances of 
lack of service in porportion. The sole object of separate supplies 
(and of cocks, too) is to avoid losing the service of other fixtures dur- 
ing times when one of them, or its supply or waste, must be repaired. 

In a residence job, two main supplies to each bathroom, with 
separate stops for each fixture, are sufficient; and a return circulating 
pipe from the lavatory will serve every purpose, as the water is kept 
hot in the main line to the bath branches. 

The pump and kitchen-sink work of a country job of this type is 
shown in Fig. 75. The pump air-chamber discharge leads up to 
and over tank. An opening near the pump provides for elevating 
water by other means if desired. The pump faucet is piped up and 
over so as to discharge into sink. The tell-tale pipe from tank leads 
down behind sink-back and out through a nozzle, as shown. The 
sink supplies are fitted w^ith stop-cocks. The pressure being light, 
there are no air-chambers to the sink faucets. The supply to pump 
is from a large cistern. 

Fig. 76 shows the supplies of the same job, on the kitchen ceiling. 
The system provides positive circulation to keep hot water near the 
bathroom fixtures. The hot supply is on the left side for each fixture. 
There is only one pipe crossed, and it does not interfere with draining 
the job. There are no traps in the supplies, nor drain cocks, to be 
forgotten. There is a relief line fmm the reser\^oir to the tank, so 
that it is not possible to close every means of escape for vapor or steam 
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arrangement of one may be deduced from the modus operandi of 
the other. The vertical type, for example, of iron or mild steel, gal- 
vanized inside and out, single- or double-riveted, heavy, and calked 
according to pressure designed for, is generally divided into two 
classes — Standard and Extra Heavy, Seamless copper cylinders, 

reinforced inside 
Hot Water to Btdiding for heavy work, 

are made. 

The light 
copper shells for 
light pressure, 
not reinforced, 
are collapsible 
under partial 
vacuum, and 
frequently do 
collapse when 
the supply is be- 
ing drained, on 
account of the 
delivery failing 
to admit air to 
take the place of 
the water. Cop- 
per shells are 
also much more 
likely to rupture 
under strain than 
iron or steel 
shells. Take, 
for instance, a house with copper storage cylinder, with hot fire and in 
extremely hot water, as on wash-day; then, if the pressure is suddenly 
reduced by opening a faucet or otherwise, and the temperature is 
far above the boiling point of the water under the remaining pressure, 
the tendency is for the whole volume of water to turn instantly to 
steam. This has happened with disastrous effect in more than one 
instance, the copper shell being ripped and spread out almost in 
a plane. 




Fig. 78. Vertical Type ot Hot- Wa ter Storage Cyl Inder Adapted 

for Range Heating. 
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Rumbling noise is frequently heard in any type of reservoir. 
Water being heated throughout, or perhaps only at some points in 
the stove, to above the boiling point corresponding to the pressure, 
steam bubbles form in the hottest places and crowd the water-back 
into the main or into the air-chambers to make room for themselves. 
It is the concussion caused by the collapse of these bubbles forming 




1LJ\._1I 






^^0 — prrt 



\/mr£^-BAC/i 



Fig. 79. Method of Connecting Reservoir to Two Water-Backs on Different Floors. 

and condensing in rapid succession, that creates the rumbling noise. 
This condition sometimes results from a brisk fire when the reservoir 
water is not overheated, and is due to air-traps in the connection, or 
constriction by incrustation or otherwise. Rumbling under this 
condition is a cause for prompt investigation. 

The means of heating may be a cast back or front, or a hand- 
made pipe coil in the firebox. Air- traps favoring the formation 
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of steam are occasioned by wrong inclination of the connection, by 
reduction of its diameter in the horizontal part, or by the upper hole 
of a cast back being tapped below the^ top of the water cavity. The 
bottom of a reservoir is below the firebox level when placed on the 
regular stand. When it is desirable to connect a reservoir with two 
water-backs, one in the kitchen range for regular service and another 
in a laundry stove in the cellar, the plan of connecting them seen in 
Fig. 79 is proper. In this case, either stove may be used sepa- 
rately, or both together, as occasion demands. The sediment 
cock of the upper reservoir may be handy to draw from at times; 
but the lower one will be found to collect most of the sediment, and 
should be opened frequently to cleanse the water-back and connections. 

In laundries, public bathrooms, etc., where a large amount of hot 
water is used, it is necessary to have a larger storage tank and a 
heater with more heating surface than can be obtained in the ordinary 
range water-back. Fig. 80 shows an arrangement for this purpose, 
using the horizontal type of storage tank. The tank may be of gal- 
vanized wrought iron or steel, any size desired, and is usually sus- 
pended from the ceiling by means of heavy iron stirrups, pipe standards 
being placed from stirrups to floor for the larger sizes, while brick 
piers are best and usual for extra large tanks of 500 gallons or more. 
The heaters used are similar to those employed for hot-water house 
warming. The simplest method of making the connections is indicated 
in the illustration. If the supply is from a street service, or there are 
faucets on the storage tank below the hot storage reservoir level, 
allowing the tank to become empty through those faucets or failure of 
the street supply, there should be a check-valve in the cold-water 
connection. 

The capacity of the heater and tank employed will depend upon 
the amount of water used. In some cases a large storage reser- 
voir and a comparatively small heater are preferable, and in others 
the reverse is more desirable. 

The required grate surface of the heater may be computed as fol- 
lows: — First determine or assume the number of gallons to be heated 
per hour, and the required rise in temperature. Reduce gallons to 
pounds by multiplying by 8.3, and multiply the result by the required 
rise in temperature to obtain the number of thermal units. Assuming 
a combustion of five pounds of coal per square foot of grate, and an 
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efficiency of S,000 thermal units per pound of coal, we have the 
formula ; 

_ ^ , . ,. Gal. per hour X 8.3 X Rise in temp. 

Grate surface in sq. ft. - — ^^ -5^(-8;oOO " ' 

Example. How many square feet of grate surface will be 
required to raise the temperature of 200 gallons of water per hour 




lug. 80. Horizontal Type of Hot-Waler Storage CyUnder Con. 



from 40 degrees to 180 degrees? Substituting values in the above 
formula, we have: 



200X a.3X (l«0-40) 



= .'i.S square feet. 



In computing the amount of water rcfjiiiRi! for bathtub?, it is 
t-Tistomaiy to allow from 20 to 30 gallons |ht tub, and to consider 
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that the tub may be used three or four times per hour as a maximum 
during the morning. This will vary a good deal, depending upon the 
character of the building. The above figures are based on apartment 
hotel practice. 

Storage cylinders or reser\'oirs for hot water are often called 
boilers, but will henceforth be referred to as reservoirs. A stove or 
range connection is essentially described as follows: The sediment 
pipe should terminate in a faucet at the lowest point in the bottom 
connection, which connection should rise continuously from the 
lowest point to the bottom hole in the heater. No direct connection 
should ever be made between the water supply pipes and the drain. 
Even if such a connection is above the trap of a fixture, there is some 
danger that foul liquids or gases may penetrate for some distance into 
the supply pipes and thus afford a possibility of contamination of the 
water supply. The upper connection should rise continuously from 
the upper hole of the heater to the hole in the side of the reservoir; 
or, if preferred, in order to get hot water instantly after the fire begins, 
the upper connection may rise and connect into the main hot service 
over the reservoir. The circulation- will be the same; but in general, 
connecting at the hole in the side gives best results, though in this 
case the first portion of water heated mingles with the balance in the 
upper end of the reservoir, and the following portions in succession, 
so that no hot water can be obtained until all the water above the 
side hole is warmed. The bottom hole serves for emptying, cleansing, 
and circulation to the stove. 

The return circulation is always connected to the bottom pipe 
of the stove connection, as shown in Fig. 81, in which the hot service 
and circulating pipe are represented by dotted lines. The side hole 
is simply to receive the water from the stove. There are, or should be, 
two holes in the top, one in the center of the head, and the other about 
half the radius in the direction of the side hole. The concentric hole 
is for cold-water entr}\ The cold supply might be admitted at the 
bottom, but the result would be to empty the reservoir when the house 
supply is turned off. The cold supply is not emptied abruptly into 
the top of the reservoir. A delivery pipe is extended to very near the 
bottoBi, say within two or three inches, so that the water will mingle 
directly with the coldest portion near the bottom, where it begins its 
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journey to tlie stove to be healed. The usual way is by simple open- 
end pipe, but the end of the pipe should be plugged and holes drilled 
in the pipe and plug so as to form a spray delivery. This does not aid 
the delivery or heating at all, but the spray will scour the bottom and 
sides ad jacent when the reservoir is emptied and flushed to rinse out 
scale and sediment. Immediately under the upper head, the delivery 
pipe must have a J-inch hole drilled in, so that air will enter and 
break the siphon, and thus avoid inadvertently emptying the reser- 
voir when intending only to cut off the supply and drain the pipe. 
See Fig. 78. 

The siphon hole, as it is termed, Vc^^.'e.M 

should be turned in the direction ^ .^ "■ 

opposite the eccentric hole, which p— — — 

b for the hot-water exit, so that the 

stream of cold water which issues 

there when water is coming into the 

reservoir will not cut across and in- ^ 

terfere with the hot senice which \ \ i[ 

is always leaving the reservoir at the '< ". ~ 

same time. If the delivery were 

placed nearest the side hole, hot th^wm 

water from the stove would have to 

pass around it in order to reach the 

exit. Delivering the cold through 

a pipe passing down through the 

volume of hot water is no material — ~ 

retardation of the heating process, fiksi, ripeconnection^ toiipitpr imd 
The heat thus absorbed by the cold ting pi™ suown by uoiwd r-ines. 

. . , , ■ ., Keturn ClrculallotiCcinnecWd 

deuvery is simply that much aid to ^ uottom pipe m water- 

the ultimate purpose. This cannot 

be said of the siphon-hole jet when directed across the hot exit or 
in its direction. 

The object in putting the siphon-hole near the upper head is to 
avoid siphoning more water than necessary, as the waste tubes of 
stop and waste cocks are generally left open — not connected to drains, 
and often not even discharging where the waste can be left to take 
care of itself. Moreover, it is a waste of the stored hot water to 
siohon out several inches from the hottest point. 
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Care should be taken not to have the hot connection extend into 
the upper head below the inner surface, as this would fortn an air- 
space which could not be filled with water, and thus annoying noise 
and the formation of steam would be favored, if no other consequence 
presented itself. 

It is essential to keep the water-back or coil filled. Sometimes 
the supply may be off for a day or so. No water can then be drawn 
at the regular faucets ; and extreme care should be taken not to draw 
too much from the sediment faucet, as this is the time when temptation 
to use it is hard to overcome. The reservoir full will keep the level 
above the side hole for weeks, if none is deliberately drawn out. The 
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Pig. 82. Horizontal Hot- Water Storage Reservoir with Steam CJoil of Brass Pljw for 
Heating. Used Where Steam Pressure is Constantly Maintained. 

height of the water can be told by tapping on the shell, and in na case 
should it be allowed to fall below the side opening; neither will it do 
to empty the reservoir and use the fire with the back empty. Either 
keep water in the reservoir in cases of emergency, or remove the water 
heater altogether and substitute a tile back until regular water supply 
can be had. A reservoir can be replenished with a pail and funnel, 
by hand, by loosening one of the top connections. 

In apartment or other houses where steam pressure is constantly 
maintained, the whole plumbing system is usually supplied with hot 
water through the medium of a reservoir provided with steam coil of 
iron, brass, or copper pipe, as shown in Figs. 82 and 83. The trombone 
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coil, illustrated in Fig. 82, can be used only on horizontal tanks; it 
would not drain in any other position. The condensed steam is wasted 
into the sew^er, delivered to a hot well, or returned by steam trap. 
The efficiency of a steam coil when surrounded by water is much 
greater than when placed in the air. An iron pipe will give off about 
200 thermal units per square foot of surface per hour for each degree 
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difference in temperature between 
the steam and the surrounding 
water. This is assuming that the 
water is circulating through the 
heater so that it moves over the 
coil at a moderate velocity. The 
condensing power of galvanized pipe 
is very nearly the same as that of 
plain iron, its coating being an alloy 
and not pure zinc as is generally 
supposed. The ratio of absorption 
decreases as the temperature of the 
water approaches that of the steam 
surface. In assuming the tempera- 
ture of the water, take the average ^ 
between that at the inlet and that 
at the outlet. 

Example, Find the heating 

. - , , ., I'lg. »3. Vertical Storage Keaervoir with 

surface reqUU'ed m an U'On coil to %amCoil of iron. Brass, or Copper Pipe 

* for HeatinK, Used Where Steam Pres- 

heat 100 gallons of water per hour s"*"® »« Constantly Maintained. 

from 38 degrees to 190 degrees, with steam at 5 pounds' pressure? 

Water to be heated = 100 X 8.3 = 830 pounds. 

Rise in temperature = 190 — 38 =152 degrees. 

Average temperature of water in contact with the coils 

190 + 38 „., 

— =114 degrees. 

5 pounds' pressure = 228® approximately 
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Temperature of steam 
(actually 227.964°). 

The required B. T. U. per hour =830X152 = 126,160. 

Difference between the average temperature of the water and the tem- 
perature of the steam = 228 — 114 = 114 degrees. 

B. T. U. given up to the water per square foot of surface i>er hour = 114 X 
200 = 22,800. Therefore, 

Number of feet of heating surface required = 126,1 60-^22,800 = 5.5 square 
feet of surface or 12.6 Uneal feet of IJ-inch, or 16 lineal feet of 1-inch pipe. 
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per square foot, per hour per degree for 100° difference, to 228 

B.T.U. for 125° difference. The 

relative condensing power of sub- 
merged iron, brass, and copper pipe 

is about as 2, 4, and 5, respectively. 

Within the range of water temper- 
atures usual in practice and with , 

steam at ordinary pressure^ we v 

may safely place the condensing 

power of iron, brass, and copper 

pipe in even tenths, .2, .4, and .5 

pounds per hour, per square foot, 

per degree difference between the steam and mean temperature of 
__ ^ ,^ ^„i^ ji^i,,^ the water. With these values, 
\j)' ■ V. c^=r\ n ' — t the Latent heat of steam, say 

960, should be used in con- 
verting heat units, found as 
in preceding examples, into 
"pounds" of steam. Having 
this latter, the process of find- 
ing the coil surface would be: 
multiply the temperature dif- 
ference by the constant .2, .4, 
or .5, according to the kind of 
pipe coil to be used, and divide 
the "pounds" of steam by the 
product so obtained. The re- 
sult will be coil surface in 
square feet, which may be con- 
verted into lineal feet by mul- 
tiplying by 2.9 for 1-inch pipe; 
by 2.3 for IJ-inch pipe; by 2. 
for IJ-inch pipe, and by 1.6 
for 2-inch pipe. As in some 
of the previous examples three 
feet of 1-inch pipe are gener- 
ally taken as one square foot. 
Sometimes a storage tank 
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is connected with a steam- 
heating system for winter 
use, and cross-connected 
with a coal-burning 
heater for summer use 
when steam is not avail- 
able. Such an arrange- 
ment is shown in Fig. 84. 
A cross-connection for 
the same purpose is often 
made to the fire-pot of 
the house-warming 
heater, as indicated in 
Fig. 80. A drain at the 
lowest point is essential, 
but so deep a dip as 
shown is not necessaiy. 
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Temperature Regulation. Hot-water storage tanks having special 
heaters or steam coils, should be provided with some means for 
regulating the temperature of the water. Fig. 86 shows a simple 
form attached to a coal-burning heater. An outer shell is con- 
nected with the circulation pipe as shown in Fig. 86, An inner 
chamber connects with a space below a flexible rubber diaphragm 
in a separate case adapted to operate the draft lever. 




A form of regulator for use with a steam coil is shown in Fig. 87, 
This consists of a rod made up of two metals having different coeffi- 
cients of expansion, and so arranged that the difference in expansion 
will produce sufficient movement to open a small valve when the 
water reaches a given temperature. This allows water pressure from 
the street main with which it is connected, to flow into a chamber 
above a rubber diaphragm, thus closing the steam supply to the coil. 
When the water cools, the rod contracts, and the pressure is released 
above the diaphragm, the valve opening to admit steam again. 
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Return circulation is provided in these installations in the way 
already described, being even more essential than m small jobs with 
shorter runs and fewer fixtures; yet one would think that the great 
number of fixtures served would insure at least one or another being 
in constant use, and thus keep warm water in the main lines without 
speoal provision for the purpose. 

In cottages with no bath and with small culinary requirements. 




d RuiffQ 

a SO^allon reservoir is sufficient. Not less than 40 gallons should be 
employed for a bathroom job. The capacity of the average stove 
heater is even too great for 40 gallons' storage unless there is liberal 
use of hot wafer; but where gas is used and the water heating inde- 
pendent of the cooking heat, as it generally is, tlie temperature can 
be regulated to suit. A storage capacity of 52 gallons or more is 
usual for large residences. 
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Gas Heaters. There are gas heaters provided with thermo- 
static or pressure mechanism by which the hot service is taken care 
of automatically. The latter of these are simply connected in the 
line in a convenient place, and operated by a tUflerential valve. 
Their appearance is shown in Fig. 89. Simply opening any hot-water 
faucet reduces the pressure, and the gas is thereby turned on full as 




Fig. 92. TDitoDtuwoiu Gu Heater Connected to Qu Supply Fip« ud 
OpcntHl Directly in Bslbnwai. 
CauTlav o/ Tlu Ilumphrrv Cimpanv. Kalamazoo, Midliaan. 

long as water is drawn. A pilot light ignites it, and the supply is 
heated as fast as it passes through the copper coils of the heater. 
No storage capacity is required by this form. In another form, 
shown in Fig. 90, the heater is controlled by a thermostatic valve 
projecting into the regular reservoir used with it. When the water 
in the reservoir ia heated to the desired temperature, the gas supply 
is reduced or cut off. In Fig. 91 is shown in part section the "Lawson" 
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combination gas heater and range boiler. This is a very reliable 
heater and is very well designed. The copper-tube coil forms the 
direct heating surface, having water connections at both top and 
bottom of the boiler. The thermostatic valve shown at the left 
regulates the gas consumption. Drawing water from the hot faucets 
lowers the temperature in the reservoir through the cooling influence 
of the incoming water, and the thermostatic principle is again made 
to serve in opening the gas-valve until the water is heated to the 
desired temperature. 

There are other arrangements consisting essentially of an encased 
copper coil, above a gas-burner, con- 
nected to a standard reservoir at top and 
bottom. In these, the gas is turned on 
and regulated by hand as nearly as pos- 
sible to suit the needs. 

Instantaneous water-heaters, operated 
by gas or gasoline, and placed in prox- 
imity to the fixtures served, as shown in 
Fig. 92, so as to deliver the heated water 
directly, are in general use where local 
conditions favor them. These have no 
storage capacity. A sectional view of 
Fig. 92 is shown in Fig. 93. In this 
heater, the water is not exposed directly 
to the heated air and gases, and water 
3o heated is suitable for use for any pur- 
pose so far as the method of heating is 
concerned. The purposes for which water 
heated in contact with the gases of combustion may be used is limited. 
Other heaters of this class offer admirable means for the water 
to take up the heat generated by the gas. All of these special means 
of heating water — especially those not conforming to the plumber's 
regular routine — are best understood and judged by a close study of 
the literature supplied by the makers. 

FILTERS 

Filters are of two classes. One class is designed to be attached 
to the end of the faucet or to special connection for drawing directly 
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for use. The other is for use in the general house sen ice, and filters 
all the water that passes through the main sen^ice for whatever pur- 
pose. In the former class, sand, free stone, or unglazed potter's clay is 
used as the filtering medium. Ordinary fillings become foul through- 
out the mass, and require cleansing or renewing. The clay (unglazed 
porcelain) of which the Pasteur filter is an example, permits nothing 
to enter the filtering medium that the pores of this material will strip 
out. With such, therefore, it is necessary only to remove the tubes and 
cleanse the surface with which the unfiltered water comes in contact. 
Any porous filter plate depends for its efficiency upon the minuteness 
of the pores through which the water passes; and there is a real 
danger that after a prolonged period of use, these pores may become 
enlarged by wear from the flowing stream to a size sufficient to allow 
the passage of bacteria which at the first would have been retained 
upon the surface of the filter plate. Porous clay filters, however, 
are exceedingly slow in operation; and it is necessary to employ a 
multiplicity of tubes, and to collect the filtered water in a reservoir, in 
order to be able to get enough at once to serve ordinary cooking needs. 
The filters are supplied with as many tubes as desired, together with 
the necessary reservoir, all complete excepting connections for the 
water pipe. 

Large filters for service interposition depend upon animal char- 
coal, beach sand, and coagulating processes — usually the last-men- 
tioned feature in conjunction with one of the other two. A sand 
filter, for instance, will be made to favor the subsidence of foreign 
material by the water taking an upwanl course through the mass of 
filling, a portion of the water being passed through an alum chamber 
so as to impregnate the supply sufficient to coagulate impurities which 
sand alone would allow to pass. When dissolved and carried away, 
the alum must be replaced. The filling is discarded and new sand 
put in its place from time to time; and periodic cleansing of the filling 
is done by reversing the flow of water and flushing out through a waste 
connection at the bottom. The means of thus keeping the filter in 
good order are provided for in its construction, in a way to make the 
cleansing and renewing of the material as easy and convenient as 
possible. 
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WATER MOTORS 

Water motors for general power purposes, of light nature but 
requiring comparatively high speed, are made on the rotary plan, a 
jet impinging on the blades. Others, often used for oscillating fans, 
operating air-bellows for church organs, etc., have reciprocal motion, 
the water being handled in a cylinder much as steam is in a recipro- 
cating steam engine. Air-compressors for light duty, operated by 
water, are made on the reciprocal plan, and also in a way to fill and 
dump alternately a pair of pivoted buckets, the water pressure ex- 
pelling the air into an accumulator by filling the bucket with water 
until it becomes overbalanced, when it falls and trips a waste-valve 
in the bottom, and at the same time cuts off the supply to one bucket 
and turns it into the other. 

Knowledge of these and kindred devices for producing motion 
by water-pressure, is not considered a part of the plun\ber's curric- 
ulum; but it is to his interest to- learn about them when he can do so 
without interfering with studies that should take precedence by 
reason of more inmiediate importance. 

Wlien a pressure tank — the so-called pneumatic plan — is used, 
the supply piping for plumbing fixtures is essentially the same as for 
street pressure; but when the supply is by gravity, from a tank, new 
problems present themselves. The type of tank used may in some 
cases be decided by reasons other than adaptability or simple prefer- 
ence. If of iron, the tank must have a safe-pan to intercept conden- 
sation, unless it is insulated from the air, which is difficult and ex- 
pensive except when the lightness of the metal requires casing for 
support. 

Any shape with flat bottom provides for retaining much sediment 
that would otherwise flow down with the water. Closed cylindrical 
tanks, those with merely a pipe-opening to the air, have not even this 
redeeming feature. Open, rectangular, lead-lined tanks, with loose 
cover, serve best. An overflow two sizes larger than the supply to 
tank (never less than 2 inches' diameter) should always be put in 
near the top. Roof water is sometimes led directly into an attic tank, 
to avoid pumping. The tank is then divided so that one portion 
will act as a sort of filter, the water, after subsidence, finding its way 
into the distributing portion through a screened opening in the parti- 
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tion, some inches above the bottom. This plan requires a large tank, 
with extraordinary support. 

The water is never so well filtered as it may be, if the regular 
yard cistern with intermediate filter is used; and, all things con- 
sidered, this is not a plan advisable to follow. The house supply 
should be taken from a little above the bottom, and well screened to 
prevent accidental choking. The valve-controlling distribution may 
be an ordinary stop-cock with an air-pipe carried from inmiediately 
below it to above the overflow level, terminating in a position to dis- 
charge into the tank, so that air can enter to drain the line; or it may 
be the regular cistern valve, so arranged, or — which is far better — 
a hollow stopper valve, with pipe stem extending to above the over- 
flow level, having a chain attached to the stem, and terminating at a 
convenient point downstairs so that the supply can be stopped at will 
without going up to the tank. The hollow stem will admit air to the 
service when the water is off, and there will be no danger of accidental 
breakage or freezing, as is the case when the necessary relief pipe is 
carried up outside the tank wall. A standing bath waste fitting can 
be adapted to admirable service in thh capacity; a strainer fitted in 
the collar of the waste inlet takes the place of the usual screen-hood, 
and the inlet is just far enough above the bottom to avoid trouble from 
sediment. The tell-tale pipe should be taken from the bottom of the 
overflow pipe near the tank, and should discharge where it can easily be 
observed while pumping is in progress — over the kitchen sink, if the 
pump is beside the sink. If the closets are to be flushed by valves in- 
stead of individual tanks, a separate supply with cut-off should be 
put in for them. 

Pumping into the bottom of the tank, and taking the cold-service 
branches from the pipe thus used to fill it, should never be practiced. 
The little difference in head against which the pump must work when 
pumping over the top, is too small to be considered when com- 
pared with the disadvantages of the combined service and pump 
delivery, even though one line of small pipe is thereby saved. 
Failure of the single line prohibits service to the fixtures, and 
pumping into the tank, too; moreover, water that has been 
pumped is likely to find its way back to the cistern through leaky 
pump- valves, and there is more trouble in draining both the 
house pipes and the pump. In placing stop and watse cocks 
in tank installations, care is necessary to set the right end up, 
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as the water is usually feeding down, instead of up as when direct 
pressure prevails. Thus, when a cock is set properly, air sometimes 
enters the waste-hole to cause the line to drain out at some other 
point — ^just the reverse of what happens in direct work. However, 
by bringing the main cold service to the kitchen, and feeding back with 
the various lines from a manifold, instead of branching out with the 
cold water on the downward course, the stop-cock work will be about 
the same as on direct work, after the manifold is reached. 

The supplying of hot water to the fixtures should be as direct 
as possible in all jobs where circulation is desired. Dipping the 
supply from the top of the reservoir to below the sink level, in order 
to secure a handy location for the stop-cocks, and ease in taking care 
of the drain-water, is most certain to interfere with circulation, and 
not infrequently makes it a matter of impossibility. 

The hot-service connection of a tank installation should continue 
up to and over the tank, as should the main lines of cold service, if 
convenient, when feeding upwanl. Also, as there is no street main 
to give relief, it is good practice to carry a line from the hot-service 
opening in top of reservoir directly to the tank, and over it, without 
stop-cocks or branches, so that there will be no ordinary means of 
closing it. This line will make it impossible to shut off all means of 
egress for steam and vapor, and may prevent serious accidents other- 
wise possible. 

Tank installations are so often remote from a plumber that every 
reasonable means should be provided for enabling the users to avoid 
trouble. A branch from the pump delivery, connecting with the cold 
service over the reservoir by stop-cock, is permissible, that the reservoir 
may be filled directly from the pump, by pumping slowly, when the 
tank or regular supply is out of onler. A branch with permanent 
upright cock-funnel, is often placed on the cold over the reservoir for 
the same purpose. One may then open the cock, and pour in water 
with a pail. 

The hot service is sometimes brought down from the reservoir, and 
up behind the sink, for convenience in using the stop-cocks even 
though circulation is to be employed. In these cases a loop to the attic 
level is used to induce circulation. Instead of returning from the 
lavatory or end of the main line, as in other tank jobs and in pressure 
work, the relief continuation of the hot to the tank is used for the; 
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flow of the loop, and a branch is taken from it in the attic and carried 
back to the bottom pipe of the stove connection. The return of the 
loop should be larger than the balance — that is, larger than the rising 
relief from which it is taken. Circulation is dependent upon the 
difference in temperature of the water in the two lines of the loop; 
and the large return, by radiation, creates a greater variation of 
temperature than would be possible in two lines of the same size. 
It is thus sought to secure sufficient difference in the weight of the 
two columns to overcome the impediment due to trapping the supply, 
as stated. 

A material auxiliary feature to which success should sometimes 
be credited in this type of installation, is the skilful arrangement of a 
tee or Y fitting at the junction with the stove connection. Water 
being heated in the stove, circulation through the heater is inevitable. 
To aid the general hot-senice circulation, it is then but necessary 
to divide the work of furnishing water to the heater, between the 
reservoir connection and the return pipe of the loop. This is done by 
reducing, at the circulation connection, the flow from the reservoir 
to. the stove, to much less than the capacity of the regular size from 
that point to the heater. This constriction makes the reservoir feed 
inadequate to supply the demand of the heater; and the deficit is 
drawn from the circulation loop, thus keeping the water in motion 
therein — which is the end in view. If a Y fitting is used, the circula- 
tion should attach to the branch, so that its flow will change direction 
only 45 degrees. If a tee fitting is used, the constriction should be 
in the branch, and the circulation connected at the end of the tee, so 
that its flow will not change course at all in joining the feed from 
the reservoir. 

The means of turning the sediment pipe on and off should always 
be a ground-key cock (especially if connected to the waste) so that 
one can see at a glance whether it is on or off, as accidental empty- 
ing of the reservoir is dangerous. Another reason for using cocks 
is that the shearing action of the core, when turning, will cut off 
a piece of lint or other foreign matter that would not permit a 
compression stop to close tight. Whether a cock has closed tight, 
is not observable; and the whole supply in a tank job may in this 
way be lost without warning, leaving the heater dry. Unknown 
waste through the sediment cock retards heating. The failure of hot 
faucets to close tightly will waste water as fast as it is heated. Hot 
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5 adapted to withstand heat, in order to 



faucets ^ould have washeT 
avoid frequent repairing. ■ 

Where lime or other deposits choke the water-back and connec- 
tions as ordinarily installed, both the annoyance and the danger may 
be avoided by following the plan shown in Fig. 94, in which the 
water is heated by water by con- 
duction through a coil in the 
reservoir. The water-back is con- 
nected to the coil; and an expan- 
sion tank, piped as shown, is pro- 
vided to take care ot the expan- 
aon of the water in the primary 
heater or water-back. Distilled 
water is used in the back to avoid 
incrustation of the back and con- 
nections. C is the tank, which 
must be filled to above the flow 
connection. (I is tank return ; D, 
the drain to water-back and con- 
nections; E, a sediment cock on 
the resenoir proper. The flow 
from upper water-back connec- 
tion to expansion tank should be 
at least one siz^ less than either 
the coil in the reservoir or its 
connections. 

When cost is not the desider- 
atum, direct-pressure plumbing is 
generally better if a tank is used, 
even thotigh the initial pressure is 
ample and not excessive. The 
pressure on the fixtures is then 
always constant, and also mod- 
erate unless the building is very high. This point is important where 
the city pressure is suificicnt for fire purposes, or when the pressure is 
carried abnormally high only during the need for fire purposes and 
then reduced. A high-pressure line fce<Iing the house tank and con- 
trolled by a ball-cock, permits valves of simpler mechanism and 
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titter pipe and fittings, and reduces water-hammer, etc. Moreover, 
much foreign matter carried in sus- 
pension is got rid of, subsidence 
improving the water and reducing 
the wear and tear on valves and 
washers to a minimum. 

Fig. 95 shows the essential 
connections of a house tank. B is 




pig. tb. 




pipe (or a Tt 

By reason of addition of fixtures, incrustation, 



the supply to tank. A ball-cock is 
used when city pressure supplies 
the tank ; C is the drain-pipe, and B 
the overflow. K is the cold service 
to fixtures; and d the air-pipe en- 
abling the line to drain when the 
cock is turned off. The cold-service 
connection rises above any possible 
sediment level in the tank. J,L,N, 
etc., are extensions of the hot and 
cold fixture lines. 

Fig. 96 shows the distributing 
lines of a lead-supply tank instal- 
lation. A is the pipe leading from 
the tank to the reservoir, the cold 
for bathroom being branched from 
it above. B is the main hot service. 
D and E are range connections, 
i^ is a brace supporting the ring 
under the reservoir. The main 
stops are within reach from the 
floor. C supplies a hall lavatory, 
and also acts as a drain for the main 
lines. The arrangement permits 
supplying either hot or cold water 
to the little hall lavatory; and a 
cock at the lowest point in C enables 
the whole combination to drain 
flirough it when necessary. 

other sufficient 
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cause, supplies sometimes fail to give water rapidly enough. This 
can be remedied by attaching a closed cylinder, and feeding from it 
The pressure will fill the cylinder more or less when water is not 
being <lrawn, so that it will flow in abundance when a faucet or valve 
is opened. 

If the regular supply is droppef! into a cylinder, a separate feed 
pipe is necessary. If the fixture line is large enough, the cylinder 

may be placed at 
the upper end, 
and a check- 
valve below the 
lowest fixture to 
retain what en- 
ters the cylinder. 
Then, when a 
faucet is opened, 
the cylinder fur- 
nishes the water 
until it is ex- 
haustct] or the 
street pressure 
supplements or 
overcomes the 
downward flow. 
Where the 
street pressure 
is not sufficient 
to reach upper 

floors, trouble Is often cxpeiicnccil in pumping to the tank, on account 
of the senice being too small to fill the cyhnilerof the pump at ordinary 
speed. This can be overcome by placiiij; a pocket or sort of air- 
chamber in the senice, and connecting the piniip suction to it. The 
influx of water to the jjocket is constant, and the suction of the pump 
intermittent; hence the full, nnehecktil capacity of the sen-ice pipe 
is available to the pump. The air-chainUr feature permits the water 
to leave the pocket easily. It is proper to place a check-valve onthe 
house si<le of pump connec'tioii, ti> avoid annoyance from air when 
faucets used tlirectlv are opened. 
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Another problem of inadequate street pressure where part of 
the house is supplied from a tank, is the heating of the water of both 
systems. Only large hotel ranges maintain two fires; and there is 
not ordinarily room for two heaters in one firebox without interfering 
with the fire or with the baking properties of the cooker; and mixing 
the supplies is prohibitive. The difficulty has been overcome in two 
ways. In one, a double reservoir is used, the high pressure (water 
from the tank) being turned into the inner one, which is concentric 
with the outer. A job of this kind is illustrated in Fig. 97. The 
room required for one reservoir is thus saved, and no extra water-back 
or secondary heat is necessary. One set only of range heater con- 
nections are made — to the outer reservoir. The inner reservoir being 
entirely encased by the water of the outer one, the heating of the water 
in the inner one is accomplished by conduction only. The range 
heater might be connected to the inner reservoir; but the surface for 
conduction would be the same, and much heat, of the limited supply 
due to conduction, would be radiated from the walls of the outer 
reservoir. The high pressure might also be connected to the outer 
reservoir; but greater care in providing against the possibility of the 
inner one collapsing would be necessary, as it is or should be made of 
copper. In double-reservoir jobs, a connection, with check-valve, 
from the street cold to the tank cold, is made at the reservoir. In 
this way, if the tank should become empty, the street pressure opens 
the check-valve without attention, and keeps the inner reservoir 
filled, and of course supplies automatically any fixture on the high- 
pressure system that the street pressure will reach. 

A second plan of heating the water of both systems, also by con- 
duction, is to use two independent reservoirs. The system requiring 
the greatest amount of hot water is given a direct connection to the 
heater, and a secondary heater for warming the water of the other 
system by water is interposed in the upper pipe of the connections 
leading to the firebox. The secondary heater has a series of channels 
or cells, all connecting and pressure-tight and provided with openings 
for pipe connection. The water of one reservoir is connected to the 
cell spaces in the secondary heater, just the same as though it were 
in the firebox; and the water of one system is in that way heated by 
conduction, by circulating the heated water of the other system 
about it as it passes from the range heater to its reservoir. 
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The third method of providing double-boUer service is shown in 
Fig. 98. Referring to the engraving, ^ is a IJ-inch pipe, leading 
directly to the tank, and bending over the top. It is connected to a 
pump in the basement. B is the main supply from the street, to 
which pipe A is connected at a lower point. No. 2 is a check-valve 
placed in the main street supply for the purpose of preventing the 
pump from drawing water from the street-pressure reservoir while 
pumping water into the tank in the attic. This might occur for vari- 
ous reasons if a check-valve is not used, and would certainly result in 
case the pump should be operated while the street supply was shut 
off. Check-valve No. 2 also prevents the tank water, from going into 
the street pipe when both systems are working under high pressure. 
In practice, a drain-cock should be placed in pipe B above check 
No. 2. C is the main cold supply, leading directly from the tank to 
the kitchen, without branches to fixtures at any point. It connects 
above check-valve 3 to a pipe leading to the tank-pressure reservoir. 
From the lower end of check 3, a pipe leads over to the main cold 
supply B. The superior pressure of the tank system keeps check 3 
closed, so that water cannot enter the tank system or reservoir from 
the street while there is pressure upon it from the tank supply. How- 
ever, immediately upon the tank becoming empty, or its pressure 
shut off at cock No. 9, the pressure falls in the tank-system pipes 
until the pressure is inferior to the street pressure, and check No. 3 
opens upward and allows the street pressure to keep the tank-pressure 
reservoir filled. Otherwise trouble might possibly result, but it is 
not so probable as in jobs having one reservoir within the other. This 
check admits of both reservoirs filling without having water in the 
tank when the job is first started; and although it is a minor point 
to speak of, it is best to be prepared for accidents. 

The main cold supply from the tank is controlled by stop-cock 
No. 9. Just below the cock a small pipe is branched in, and carried up 
and curved over the top of the tank, to admit air when it is desired 
to drain the pipe. D acts as a drain to the hot-water pipes of 
both reservoirs. The sediment pipes of the reservoirs are also 
connected to it. 

To aid the reader in tracing the different pipes easily, all the hot- 
water pipes are represented by heavy black lines, and the cold-water 
pipes by double parallel lines. C* is the cold supply to tank-pressure 
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reservoir; C, tank 
supply, cold wator, 
to fixtures on the 
second and third 
floors; C, cold sup- 
ply to street pres- 
sure reservoir; and 
C, cold supply from 
street pressure to 
fixtures on the first 
floor. FF arc hot 
and cold faucets at 
the kitchen sink, 
the hot being on the 
left side. H is the 
main hot supply of 
the tank system;!/', 
hot supply from 
the tank reservoir 
to the fixtures on 
the second and 
third floors; IP, 
main hot supply 
from the street- 
pressure resen'oir; 
and H', hot supply 
from the street res- 
ervoir to the fix- 
tures on the first 
floor. 

It will be no- 
ticed that each of 
the supplies has 
been carried up as 
high as the top of 
the tank, and 
curved at the end 
ao that they will discharge into it, which, in the case of hot supplies. 




Each Connei-teil 
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might occur from steaming. The extension of the fixture supplies to 
the top of the tank with ends left open, insures that they will drain 
themselves when the water is shut off; and also cushion the pressure 
when the faucets are turned off quickly, the same as air-chambers do 
on direct-pressure systems. 

The hot and cold supplies from the street reservoir might be left 
off at the point where the branches are made on the first floor, without 
causing any material difference in the working. In that case, how- 
ever, there would be no vapor relief for the reservoir through the hot- 
water pipe ; and when the cocks were shut off, none of the pipe would 
drain unless the faucets were opened upstairs. As it is, the main 
line will drain whether the faucets are open or not; and there is 
also the advantage of the air-cushion and relief as well. 

Of the cocks which are located over the kitchen sink, only 
those on the pipes leading to fixtures on the upper floors — 
are stop and waste cocks. The others are plain stops which prevent 
any chance of causing them to waste continually by some error in 
using them. Stops and waste would be of little value on the lines 
above the sink which lead direct to the reserv^oirs, because it is not 
particularly desirable to drain any of the pipe between the cocks and 
the resen^oirs while the cocks mentioned are shut off. 

The branches aa^^ hh^, and cc^, are of |-inch pipe, and supply 
fixtures on the first floor from the street pressure, and on the second and 
third floors from the tank pressure. W and W represent water-backs, 
both of which are in the same firebox of the range. One of them is 
connected to the tank reservoir by means of circulating pipes 12 and 
14, while the other is connected to the street resenoir by pipes 11 and 
13. The sediment pipes of the reservoirs are controlled by cocks 4 
and 5. Both of the sediment pipes discharge into the general drain- 
pipe D. The overflow pipe of the tank is indicated by X, Y and Y 
are vacuum valves situated over the kitchen sink. They communicate 
with the resen^oirs through branches from •the main hot supplies. 

By referring to the engraving, the reader will see that there is no 
way to cut off communication between the resersoirs and the vacuum 
valves. With the valves placed at the sink as shown, the weight of 
the water in the vertical pipe above the valves must he overcome 
before air will enter the reservoirs. If desircMl, the valves may be 
placed in the heads of the reservoirs, and a pij^e carried over to the 
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sink to take care of the drippings. In this style of double-boiler 
work, vacuum valves art* not so important as tlu*v are in systems 
hj^ving one reservoir within the other, l)ecaus(» the reser\^oirs here 
described work under alx)ut the same conditions as those in ortlinary 
single-reservoir jobs. The tell-bile pipe discharges over the kitchen 
sink, and is indicated by Z. Cock G is to drain the hot- water pipe 
from the street resen^oir, and cock 7 drains the hot pipe from the tank 
reservoir. 

Cock 8 is placed in a connection where, when turned on, it allows 
the tank pressure to by-pass check valve No. 3. By this means, both 
systems may be worked under high-pressure duty when the street 
pressure is off. In a case w^here the street pressure is constant for the 
fixtures on the first floor, but does not reach the second, cock 8 will 
seldom have to be used, and it should then be of a type having a 
removable handle. 

One point gained by bringing the pipes down and up, as shown by 
the loops over the sink, is, that every 3top can be reached from the 
floor without the aid of a ladder. The fixtures on the upper floors 
can be shut off without interfering with the supply to kitchen sink 
or other fixtures that may happen to be on the lower floors. 

The sizes of the pipes shown in this installation, which have not 
already been given, are as follows: B and C, f-inch; C^ C, C^, C\ 
1-inch; D, 5-inch; FF, |-inch; //, H\ IP, H\ f-inch; A', IJ-inch; 
YYy i-inch; Z, |-inch; 11 and 12, 1-inch; 13 and 14, J-inch. Cocks 
4 and 5 are J-inch; 6, 7, and 8, |-inch; and 10, IJ-inch. 

Plumbers habitually having this type of work to contend with — 
New Yorkers, for instance — become ultra-skilful in meeting the 
difficulties presented l)y variable pressure. The range of variation 
may cover the second floor of one building and the third of another, 
according to elevation. The fixtures on the floor with intermittent 
street supply can be placed wholly on the tank system, only at the 
expense of pumping all the water used in them. To take advantage of 
the street pressure reaching those fixtures at certain hours, four cocks 
are arranged so that one handle will turn all of them at once — two 
closing the tank hot and cold supply from the fixtures on that floor, 
and two admitting instead the street-pressure hot and cold. 

There are many interesting features in piping water for municipal 
service, but it is not in the province of this work to consider them. 
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GAS PIPING 

Pipes and Governors. Gas piping is so closely allied to plumb- 
ing, since iron pipe has come into general use, that a brief noticeof 
this branch is not out of place in connection with matters pertain- 
ing to plumbing. Coal gas is only about one-half the specific weight 
of air. The weight of natural gas is somewhat less than that of 
coal gas. The distribution of pressures which prevails in a closed 
system — the pressure of the fluid due to applied pressure being 
equal at every point — should not be lost sight of in considering 

MAtN Rts£R ^^ ordinary method of distributing 
seRViC£ PiP£ t gj^g Q^.^j. ^ ^j^^, ^j. through a build- 

ing in closed pipes. 

Pressures. The most economical 
pressure at which to consume gas 
is five-tenths of an inch water pres- 
sure. As no town is strictly level, 
and the friction of the pipe requires 
some head of pressure to overcome 
it, the pressure in the mains is nec- 
essarily carried above the point at 
which the best results are obtained. 
This is generally counteracted by 
not turning on the full amount at 
the burner. In towns varying greatly 
in the level of different portions, it is economy to use automatic 
governors to control the pressure of the gas in the mains to 
different levels* This is also true of exceedingly tall buildings 
in cities whose areas maintain about the same level. One gov- 
ernor for a modem office building is not enough imless the build- 
ing stands at a low level, in which case the supply to the upper 
floors may be controlled by one governor situated on one of the 
upper floors, say midway between the top floor and the average 
street level. 

Gas Meters. Large pipe should not be notched into joists in the 
middle; it weakens the joists. All pipes should be laid with a 
decline, toward the meter when possible, otherwise in such a way that 
they will drain toward a fixture or drip. The meter should be placed 
in a position easily accessible, and where it may be read without the 




Fig. W. »*Dry" Gas Meter. 
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use of an artificial light. It is connected in the house main on the 
street side of the first branch. A dry meter — the kind now almost 
universally employed — is shown in Fig. 99. 

Different meters vary but little in the arrangement of the dials. 
In large meters, there are as many as five or more dials; but those 
used for dwelling houses usually have but three. Fig. 100 shows the 
common form of index in a dry meter. The small index hand D, on 
the upper dial, is not taken into consideration when reading the meter, 
but is used merely for testing. The three dials, which record the con- 
sumption of gas, are marked A,B, and C; and in each, a complete rev- 
olution of the index hand denotes 1,000, 10,000, and 100,000 cubic feet, 
respectively. The index hands do not move in the same direction. 
When the hands are pointing upward, A and C move from left to right, 



CUBIC 



100 THOUSAND 




lOTnOMANO 



FEET 



ITM01I3*M0 





Fig. 100. Common Form of Index on "Dry" Gas Meter. Two Readings are Shown. 

while B moves in the opposite direction. Annex two cyphers at the 
right of the figures indicated when taking the statement of a meter. 
The left-hand index shown in Fig 100 reads 48,700. Suppose, after 
being used for a time, the hands should have the positions shown in 
the right-hand dial. This would read 64,900; and the amount of 
gas used during the inten^al would equal the difference in the readings: 
64,900 — 48,700 = 16,200 cubic feet. Meters so invariably register 
in favor of the consumer after being in use only a few weeks, that the 
companies are by law permitted to set them 3 per cent fast when new. 
The route chosen for gas pipes should be the warmest consistent 
with convenience and economy. Coal gas will freeze — that is, the 
moisture in it will, in severe weather, form a network of frost that 
checks or stops the flow. Coal gas and natural gas are practically 
fixed. There is little trouble from condensation, even from coal gas, 
after it reaches the residence. There is sufficient reason, however, to 
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incline the pipe and to avoid trapping any portion so that it will not 
drain. If a pipe runs through a cold place, a drip should be put in 
at some convenient point where it can be emptied if necessary. No 
offsets should be made in a way to favor choking the pipe by the 
products of corrosion falling down vertical parts. No fixture or 
bracket opening shoukl be less than |-inch; no rising main less than 
|-incho All openings for fixtures should have straight threads, and 
the pipe or fittings should be well secured, perpendicular to the wall 
passed through, so that they will not wobble, push in, or pull out. 
Ceiling drops should be cemented in the joint at the line, so that they 
will not unscrew when the cap is removed or a fixture taken down. 

The making of intelligent working diagrams for gas or water 
fitting, is riot difficult. Though important, comparatively few have 
given it due attention. When plans are accurate, the usual work of 
making figures to show what length the pipes are, may be dispensed 

with by employing self- 

y\l K KA \AA "^^^^suring ruled sheets in 
V M I V \ V V \ ^o^i^^ction with the method 
icMECK Sis • 1^ of diagramming here de- 

FiR. loi.symbois Used in Piping Diagrams. scribed. Diagramming sys- 
tematically and with all 
lines approximately proportional in length, saves time in distributing 
the pipe. There is no wondering whether a piece runs down or up, 
or as to which room a bracket light looks into, or whether a 
piece of pipe belongs in a horizontal or in a vertical position. A 
properly made diagram indicates these points clearly, and also 
what pieces belong in the same plane. There should never be any 
confusion as to which pieces have been cut and which not, when 
getting out the pipe. Symbols can be made to show what pieces have 
been cut and what size they are. The symbols found by practice 
to answer this purpose best, are as follows: When a J-inch piece is 
cut, a common check mark is put beside the line on the diagram, show- 
ing that it is \ inch and has been cut. For a |-inch piece, a short, 
straight mark like the l?tter I, placed across the line, is used. For 
a ^-inch piece, two connected marks like V are made across the 
line. For :]-inch pieces, three connc^cted marks, like the capital N, 
are made across the line. For l-inch [)ieces, four connected marks, 
like the capital letter ]\I, are used across the line. For IJ-inch 
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pieces, five connected marks, like the capital W with one extra leg, 
are used. Each short, straight mark represents a quarter-inch in the 
diameter of the pipe, except in the case of f-inch pipe. For nipples 
that are too short to put the symbols on, draw a waved arrow from 
the nipple, and put the symbol upon it. Fig. 101 shows the symbols 
described, with corresponding sizes of pipe marked beneath them. 

In reading plans of buildings, it is usual to have the front of 
the building, as represented by the plans, next to the person. Plans 
represent horizontal sections at the elevations designated; while 
elevations show the altitude of one floor above the other, etc. The 
plans of the different floors of a building are usually drawn side by 
side, with the outside face of the front wall on a line. By this means, 
a straight edge laid across the plans from side to side, will show which 
partitions are in line with one another. One can judge with the eye, 
on the cross-partitions, accurately enough to give a good idea of the 
relative position of the rooms on different floors, one way; but to locate 
the partitions running from front to back, it is necessary to measure 
from the wall on the plans of the different floors. House plans are 
almost always drawn to J-inch scale. In gasfitting diagrams, all 
sizes of pipe are represented ty single or skeleton lines, because the 
pipes are small. 

Now, assuming the plans to be marked for gas, center the rooms, 
and chalk all wall openings. Then proceed to diagram the lines 
representing the pipe, making them as nearly proportional tj the 
length of pipe as can easily be done with pocket-rule and pencil, say 
to J-inch scale. 

llepresent all vertical pipes by diagonal lines parallel to one 
another, whether they be bracket pipes, risers, or offsets in the line. 
Never represent a horizontal pipe by a diagonal line. Every vertical 
pipe which falls below the horizontal pipe to which it is connected, 
should be drawn toward the front of the plan at an angle of 45 degrees 
to the left. Every vertical pipe which rises above the horizontal pipe 
to which it is connected, should be drawn away from the front of the 
plan, at an angle of 45 degrees to the right. Represent all horizontal 
pipes by parallel lines perpendicular either to front or to side wall. 
\\Tien the run of pipe is from front to back, the parallel lines should 1x3 
perpendicular to the front wall of the building. When die run is 
from side to side, the parallel lines should be perpendicular to the side 
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wall of the building. Any line in the diagram that is perpendicular 
to any other line of the diagram may then be taken to represent a 
horizontal pipe. Any number of lines representing horizontal pipe 
and all joined together, are thus indicated to be in the same horizontal 
plane. Any single line or system of lines representing horizontal pipe, 
but separated from the others by a diagonal line, is therefore in a 

different horizontal 
plane. For in- 
stance, the second- 
floor riser, 10 feet 
3 inches long, 
shown in the dia- 
gram, Fig. 102, con- 
nects the horizontal 
pipe under the sec- 
ond floor with that 
under the third 
floor. These pipes 
are in different 
planes, one set be- 
ing 10 feet 3 inches 
above the other. 

There is one ex- 
ception to the rule 
concemingdiagonal 
lines. Several feet 
of pipe can often 
be saved by cutting 
across, instead of 
making an angle 
with, the pipe. To do this without danger of confusing one as to 
whether the diagonal piece is intended for vertical pipe or for a di- 
agonal piece in the horizontal plane, make such lines dotted instead 
of solid, as shown at C, Fig. 102. 

To indicate the direction in which bracket openings look, by the 
way in which they are drawn, eight skeleton diagrams of bracket pipes, 
showing how the direction of bracket openings would be indicated 
for the four walls of a square room, are shown in Fig. 103. A,B, (7, and 




f\rst Floor Drops I3in. 
•Second Floor Drops llln. 



Fig. 102. Diagram of Gaspipe Lines. 
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D show that the pipes are vertical and run up from the floor below, 
A looking into the room from the front wall, B from the rear, C from 
the left side wall, and D from the right side wall. In accordance 
with plan drawing, the short lines representing the ears and nozzle 
of the drop-ells are made in plan position with dots at the ends to 
represent caps. The ears of the fitting, drawn in front of the out- 
let, show that the fitting looks to the rear; ears behind the outlet 
show that it looks to the front; at the left of it, that it looks to the 
right; and to the right of it, that the fitting looks to the left. 

jV, B^y CS and D^ show fittings that look in the same direction 
as those shown by A, B, C, D of the same figure, but are on pipes that 
run down from the horizontal pipe. By varying the positions of the 
marks representing the 
drop fittings to suit, 
the diagram can be 
made to indicate open- 
ings pointing in any 
direction desired. 

All large risers 
should be exposed to 
view; and it is desir- 
able to keep all piping 
accessible as far as 
possible, so that it may be easily reached for repairs if necessary. 
When it is necessary to trap a pipe, a drip with a drain-cock must 
be put in; but this should always be avoided under floors or in other 
inaccessible places. AVhere possible, it is better to carry up a main 
riser near the center of the building, as the distributing pipes will 
then average smaller, the timbers will not require so much cutting, 
and the flow of gas will be more uniform throughout. 

Unless otherwise directed, outlets for brackets should be placed 
5^ feet from the floor, except in the case of hallways and bathrooms, 
where it is customary to place them 6 feet or more from the floor. 
Upright pipes should be plumb, so that nipples which project through 
the walls will be level; the nipples should not project more than J 
inch from the face of the plastering. Laths and plaster together 
are usually about } inch thick, so that the nipples should project 
about li inches from the face of the studding. Drop- or side-^Us are 




Fig. 103. Skeleton Diagrams of Bracket Plx)es. 



889 



124 



PLUMBING 



used where possible for bracket openings. Gas pipes should never 
be placed on the bottom of floor timbers that are to be lathed and 
plastered, because they are inaccessible in case of leakage or altera- 
tions. Fig. 104 illustrates some lines of gaspipe in a frame build- 




ing, from which may be gleaned graphic ideas of how to fasten pipe 
securely in place. 

Coal gas, and natural gas of some locations, has a strong odor 
that betrays leakage. Some natural gas is devoid of odor, in which 
case leakage is very dangenms, iis there is no way quickly to detect 
its presence. For natural gas work, 10 pounds' air-pressure should 
fail to develop the slightest leak in the pipe, although the street pres- 
sure is usually even less than eight oinnrs. For lighting gas, the street 
pressure is seldom over 18 tenths water-pressure, and a 5-pound test 
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IS ample. These tests should be made with a mercury gauge, 2 inches 
height of column being considered as one pound pressure. A job 
may be considered tight when the mercury column not only does not 
drop, but does not even get flat at the top in from fifteen to twenty 
minutes' trial. 

Every gas company has rules as to the number of lights allowed 
to be supplied from each size pipe, and the relative lengths of pipe 
permitted of each size. The following table gives sizes of gas pipes 
for different numbers of burners and lengths of runs, as usually 
installed : 

TABLE IV 
Maximum Run and Number of Burners for Oas Pipes 









Greatest Number 




Greatest Length 


OF Burners to 


Size of Pipe 


OF 


Run, Feet 


BE Supplied 


} inch 




20 feet 


2 


i " 




30 •' 


4 


J a 




50 '' 


15 


1 " 




70 " 


25 


1} inches 




100 *' 


40 


li *' 




150 " 


70 


2 " 




200 " 


140 


2i " 




300 " 


225 


3 '* 




400 " 


300 


4 " 




500 " 


500 



No restrictions are observed in selecting fixtures for coal or 
natural gas. Coal gas carries enough carbon with it to produce a 
lighting flame when burned at the ordinarj' flame temperature. When 
the jet is lighted, the hydrogen is consumed in the lower part of the 
flame, producing sufficient heat to render incandescent the minute 
particles of carbon carried by it. The hydrogen, in the process of 
combustion, combines with the oxygen of the air, forming an invisible 
vapor of water, while the carbon unites with the oxygen, forming 
carbonic acid, or is set free as soot. 

Various causes tend to render combustion incomplete. There 
may Ix' excessive pressure of gas, lack of air, or defective burners. 
An (wcess of pressurt^ at the burners causes a re<luction of the amount 
of ilhimination ; on the other hand , if the prc^ssure is insufficient, the heat 
of the flame will not raise the carbon to a white heat, and the result will 
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be a smoky flame. It therefore follows that for every burner there is 
a certain pressure (usually yV of an inch water-pressure before men- 






Fig. 105. Single- 
Jet Burner. 



Fig. 106. Bat's- Wing 
or Silt Burner. 



Fig. 107. Union- Jet or 
Fish-Tail Burner. 



tioned) and a certain corresponding flow of gas, which will cause the 
brightest illumination. 






Fig. 108. Vertical Section of 
Union-Jet Burner. 



Fig. 109. Argand 
Burner. 



Fig. no. Lava Tip for 
Bat's- Wing Burner. 



Burners. Many types of burners are on the market, among 
which the single-jet, bat's-wing, fish-tail, Argand, regenerative, and 
incandescent burners are the principal types. 





Fig. 111. Gas Burner with 

Globe and Incandescent 

Mantle. 



Fig. 112. Mantle Burner 

with Chimney and 

Shade. 



The single-jet burner. Fig. 105, is the simplest kind, having but 
one small hole from which the gas issues. It is suitable only where 
a very small flame is required. 
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The baCs-wing or slit burner, Fig. 106, has a hemispherical tip 
with a narrow vertical slit from which the gas spreads out in a thin, 
flat sheet, giving a wide and rather low flame resembling in shape the 
wing of a bat, from which it is named. 

The union-jet or fish-tail burner. Fig. 107, consists of a flat tip 
slightly depressed or concaved in the center, with two small holes 
drilled, as shown in Fig 108. Two jets of equal size issue from 
these holes, and, by impinging upon each other, produce, at right 
angles to the alignment of the hole^, a flat flame longer and narrower 
in shape than the bat's-wing, and not unlike the tail of a fish. Neither 
of these burners requires a chimney, but the flames are usually encased 
with glass globes. They are not well suited for use with globes, 
however, since when one of the jets becomes 
choked, as it frequently does, the other is likely to 
crack the glass. 

The Argand burner. Fig. 109, consists of a 
hollow ring of metal or lava, connected with the 
gas tube, and perforated on its upper surface 
with a series of fine holes, from which the gas is- 
sues, forming a round flame. This burner re- 
quires a glass or mica chimney. As an intense 
heat of combustion tends to increase the brilliancy 
of the flame, it is desirable that the burner tips 
shall be of a material that will cool the flame as 
little as possible. On this account, metal tips — ^ 
are inferior to those made of some non-conduct- 
ing material, such as lava, adamant, enamel, etc. 
Metal tips are also objectionable because they cor- ^^- ^Burnen ^^^^ 
rode rapidly, and thus obstruct the passage of the 
gas. Fig. 110 shows a lava tip for a bat's-wing burner. Burner tips 
should be cleaned occasionally, but care should be taken not to enlarge 
the holes. 

By introducing the Bunsen principle, incandescent burners give 
good sendee with coal gas. In the incandescent burner, the heat 
of the flame is applied in raising to incandescence some foreign mater- 
ial, such as a basket of magnesium or platinum wires, or a funnel- 
shaped asbestos wick, or a mantle treated with sulphate of zir- 
conium and other chemical compounds. A burner of this kind 
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is shown in Fig. Ill, in which the mantle can be seen supported over 
the gas flame by a wire at the side. Fig. 112 shows another form 





Fig. 114. Gas Burner for Brazing. Fig. 115. Single Gas-Cock 

with Stop-Pin. 

of this burner, in which a chimney and shade are used in place of a 





Fig. 116. Double Gas-Cock with Stop-Pins. Fig. 117. Elbow Gas-Cock with 

Stop-Pin. 

globe. Burners of this kind give a very brilliant white light when 





Fig. 118. Common Form of Gas-Bracket. Fig. 119. Two-Swing Extension Gas-Bracket. 

used with natural or water gas. Natural gases and the so-called 
water gas are deficient in carbon; and, when they are used for Ughting 
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purposes, the light is produced by a burner with a mantle brought to 
a state of incandescence by the heat of the flame. The mantle, 
however, is very fragile, and is likely to lose its property of incan- 
descence when exposed to an atmosphere containing much dust. 

The Bunsen burner, showTi in Fig. 113, is a form much used for 
laboratory work. It bums with a bluish flame, and gives an intense 
heat without smoke or soot. The gas, before ignition, is mixed with 
a certain quantity of air, the pro- 
portions of gas and air being regu- 
lated by the thumb-screw at the 
bottom, and by screwing the outer 
tube up or down, thus admitting a 
greater or less quantity of air at the 
openings indicated by the arrows. 
This same principle is utilized in a 
burner for brazing, the general form 
of which is shown in Fig. 114. A 
flame of this kind will easily melt 
brass in the open air. 

Fixtures. It is important that 
gas keys on fixtures should be per- 
fectly tight. It is rare to find a 
house piped for gas where the 
pressure test could be successfully 
applied without first removing the 
fixtures, as the joints of folding 
brackets, extension pendants, stop- 
cocks, etc., are usually found to leak 
more than the piping. The old- 
fashioned all-around cock without check-pin should never be allowed 
under any conditions; only those provided with stop-pins are safe. 
Various forms of cocks with stop-pins arc shown in Figs. 115, 116, 
and 117. All key joints should be examined and tightened jp 
occasionally to prevent them becoming seriously loose and leaky. 
Poor illumination is frequently caused by ill-designed or poorly 
constructed brackets or gasoliers. Gas fixtures, almost without 
exception, are designed solely from an artistic standpoint, without due 
regard to the proper conditions for obtaining the best illumination. 




Fig. 120. Plain Type of Two-Burner 
Gasolier. 
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Fixtures having too many scrolls or spirals may, in the case of imper- 
fectly purified gas, accumulate a large amount of a tarry deposit, 
which, in time, hardens and obstructs the passages. Another fault 
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Fig. 121. Ornamental Type of Two-Burner Gasolier. 



Fig. 122. Gasolier for Hall 
or Corridor. 



is the use of verj' small tubing for the fixtures. Common forms of 
brackets are shown in Figs. 118" and 119, the latter being a two^wing 
extenmon bracket. 

There are an endless variety of gasoliers used, depending upon 

the kind of building, the 

finish of the room, and the 

number of lights required. 

Figs. 120, 121, and 122 show 

common forms for dwelling 

houses the type shown in 

Fig. 122 being used for halls 

and corridors. The keys 

should be at the lowest point, as in Figs. 121 and 122, to facilitate 

removing any condensation that may take place and find its way 

to the fixture. 




Fig. 123. Simple Form of Gas Plate with Three 

Burners. 
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Next to the burner, the shape of the globe or shade surrounding 
the flame affects the illuminating pyower of the light. In order to 
obtain the best results, the flow of air to the flame must be steady and 
uniform. Where the air supply is insuiBcient, the flame is likely to 
smoke; on the other hand, too strong a current of air causes the light 
to flicker and become dim through cooling. 

Globes with openings too small at the bottom, should not be 
used. Four inches at the bottom should be the smallest opening 
used for an ordinary size burner. All glass globes absorb more 
or less light, the loss varying from 10 per cent for clear glass, to 70 
per cent or more for opal, 
ground, colored, or paint- 
ed globes. Clear glass is 
therefore much more 
economical, although, 
where softness of light Is 
especially desired, the use 
of opal or ground globes 
is made necessary. 

Illumination. Illu- 
mination is a subject so 
broad and complex that 
a fairly thorough consid- 
eration of light distribu- 
tion for d i fferen t purpose s 
would alone require a 
volume. A few pertinent remarks tending to aid in approximating 
the location and power of lamps so as to get reasonably accurate 
results in ordinary work will not, however, be out of place here. 

The unit of illumination is the candle-foot — the power of 
one standard candle at a distance of one foot from its flame. The 
intensity of illumination varies inversely as the square of the dis- 
tance from the source. Therefore we see that one candle-power 
at one foot from the source gives only one-foiuth of a candle-power 
over an equal anioimt of surface placed two feet from the source. 

The CiirKile-foot illumination of any point, for any bare light 
nominated can be approximated by squaring tlie distance from 
burner to the point selected, using the square as a denominator 
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and 1 as the numerator of a common fraction (reduced to a 
decimal if preferred) multiplying by the candle-power of the 
burner to be used and then adding the illumination due to reflec- 
tion. The result will be near the candle-feet illumination at the 
selected point. 

The reflecting power of wall surfaces may be taken as follows: 
White paper, .80; chrome yellow, ,60; orange, .50; yellow wall 
paper, .40; light pink, .36; light blue, .25; green, .18; dark brown, .13. 
The average light wall finish may be taken as reflecting 50 per cent 
of the light that falls upon it. 

From 2 to 7 square feet of floor is allowed per candle-power 
for ordinary lighting, according to the purpose of the room. The 
greater spaces are assigned to bedrooms, servants' rooms, etc. 
The lesser, to dining rooms, billiard rooms, libraries, etc., where 
higher candle-power is more necessary, the location of the lights 
being made, as far as practicable, fo favor the high intensities 
required at particular points. 

Qas Ranges and Heating Stoves. Cooking as well as heating 
by gas is now very common, and there are a great variety of appli- 
ances for the use of gas in this 
way. Cooking by gas is not 
more expensive, and is less 
troublesome, than by coal, oil, 
or wood. It is also more 
healthful, on account of the 
absence of waste heat, smoke, 
and dust. A gas range is al- 
ways ready for use, and is instantly Hghted by applying a match to 
the burner. The fire, when kindled, is at once capable of doing its 
full work; it is easily regulated, and can be shut off the moment one 
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is through with it, so that, if properly managed, there is no waste as 
is the case with other fuel. With gas, the kitchen can be kept 
comparatively cool and comfortable in summer. 
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Gas stoves are made in all sizes, from the simple form shown 
in Fig. 123, to the most elaborate range for hotel use. A range for 
family use, with ovens and water- 
heater, is shown in Fig, 124. Figs. 
1 25 and 1 26 show the forms of burn- 
ers used for cooking, the former 
being a griddle burner, and the lat- 
ter an oven burner. 

A broiler is shown in Fig. 127; 
the ades are lined with asbestos, 
and the gas is introduced through a 
large number of small openings. 
The asbestos becomes heated, and 
the effect is about the same as a 
charcoal fire upon both sides. 

Artificial gas as a fuel has not 
been used to any great extent F]g.m. caa Broiler, Asbeaios-Llnao. 





for the warming of whole buildings, its application being usually 
confined to the beating of single roomis. Unlike cooking by gas, a gas 
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fire for heating 13 not so cheap as a coal fire when kept burning 
constantly. In other ways it is effective and convenient. It is 
especially adapted to the warming of small apartments and single 
rooms where heat is wanted only occasionally and for brief periods 
of time. In the case of bedrooms, bathrooms, or dressing-rooms, 
a gas fire is preferable to other modes of warming, and is fully as 
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economical. It may be used on cold winter days as a supplementary 
source of heat in houses heated by stoves or by furnaces. Again, 
a gas fire may be used as a substitute for the regular heating apparatus 
in a house, in the spring or fall, when the fire in the furnace or boiler 
has not yet been started. It is often employed as the only means 
for heating smaller betlrooms, guest rooms, and bathrooms, and 
for temporary heating in summer hotels where fires are required 
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only on occasional cold days. Any considerable use of gas for heat- 
ing necessitates the use of evaporators to maintain the normal 
humidity of the air. 

The most common form of heater is that shown in Fig. 128. 
This is easily carried from room to room, and may be connected 
with a gas-jet by means of rubber tubing, after removing the tip. 
The heater is merely a large burner surrounded by a sheet-iron 
jacket. Another and more powerful gas heater is the radiator, 
shown in Fig. 129. This is fitted with a flue to conduct the products 
of combustion into the chinmey, as shown in the section, Fig. 130. 
Each section of the radiator consists of an outer and an inner tube, 
with the gas flame between the two. This space is connected 
with the flue, while the air to be heated is drawn up through the 
inner tube, as shown by the arrows. 

Fig. 131 shows an asbestos incandescent grate; and Fig. 132, a 
gas log of metal or terra cotta and asbestos, made in imitation of a 
wood log or heap of logs. The gas issues through small openings in 
the logs, and gives the appearance of an open wood fire. 

Fuel and Carburetted Air Qas. Fuel gas or water gas, largely 
made to supplement failing supplies of natural gas, is used for light- 
ing in the same manner as natural gas. It is, in fact, but an impiu-e 
commercial hydrogen made by injecting st^am into hot coke. The 
oxygen of the steam combines with the carbon of the coke, and sets 
free the hydrogen, which is collected in a gasometer, ready for the 
distributing pipes. The prime use of this and of natural gases is 
for heating; but, by purifying it and supplementing it with carbon 
by incorporating with it vapors of petroleum, fuel gas makes rich 
and quite stable lighting gas. 

Carburetted air, made by varnishing air with gasoline, generally 
called gasoline gas, is very diiTerent from any of the gases mentioned. 
Carburetted air gas of standard quality contains 15 per cent of gaso- 
line vapor to 85 per cent of air. A regulator or mixer for supplying 
gas having these proportions is shown, in section, in Fig. 133. It 
consists of a cast-iron case, in which is suspended a sheet-metal 
can jB, filled with air and closely sealed. The balance-beam E, 
to which this is hung, is supported by the pin H, on agate bearings. 
Since the weight of the can B is exactly balanced by the ball on 
the beam E, movement of B can be caused only by a diflFerence 
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in the weight or density of the gas inside the chamber A and sur- 
rounding the can B. If the gas becomes too dense, B rises and 
opens valve C, thus admitting more air; and if it becomes too lights 
C closes and partially or wholly shuts off the air, as may be required. 
This gas is not a stable mixture, and great care must be taken, 
in piping it, to avoid traps and give positive inclination to all the 
pipe. It is easily condensed by change of temperatiye; and fixtures 

through which it 
j is used, must be 

of a pattern that 
drain to the 
keys, so that 
they can be re- 
moved with a 
screw-driver to 
drain the arms. 
The gravity of 
the mixture va- 
ries with the 
grade of gasoline 
used. It may al- 
ways be taken as 
the weight of air 
'plus the gasoline 
carried with the 
air. Hence the 
greatest pressure 
is always at the 
lowest instead of 

the highest point; and instead of lighting a burner by holding the 
flame over it, we apply the match below. In general, other rules 
for piping gas supply, with the exceptions mentioned, and these 
following: the pipe should always be a size larger than for coal 
gas, except that f -inch pipe may be run for two or three burners, 
and |-inch openings are permissible. 

To avoid having the pressure on the lower floor equal to the 
friction head of the whole system plxis the weight of the gas, it is 
best to pipe the whole supply first to the top of the house. Then 
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Pig. 133. Regulator or Mixer for Supplying Gas and Air Mixed 

In Certain Proportions. 
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feed downward, and drip the main extremities into the initial main 
with a f-inch connection. This permits circulation according to 
the temperature of the rooms; and, by giving just enough pressure 
at the pump to lift the gas ea^y to the top of the rising mair, 




it feeds by gravity from that point. The least pressure possible 
is thus sufficient, and the pressure at each burner is constant. 

With the exception of one or two machines, the use of Argand or 
other snecial burners is necessary. The Clovgh burner, oftenest 
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used on gasoline, has an annular space below the tip, open at the 
top only. A thumb screw passes through the outer case, annular 
space, and inner wall, to the gas passage. When the carburetter 
is first filled, the gas is too rich, and the thumb-screws of the burners 
must be screwed out until the gas passing up can suck in more air 
from the annular space through the screw-hole. The gravity of 
the gasoline left in the carburetter grows constantly greater; car- 
burization takes place correspondingly slower; and the gas delivered 
is accordingly poorer. This is because gasoline of various gravities 
is found in every barrel, and the air takes up the lightest first. 

The pump for these machines is a sheet-metal case on legs, with 
an inner drum, made like the drum of a wet gas-meter and sealed 
with water. The drum is generally operated by a weight, through 
the medium of pulleys, and a cord is wound on a spool attached to 
a shaft extending from the drum through a stufiing-box, all about 
as shown in Fig. 134. The pump is placed in the basement, where 
it will not freeze. In some makes, city water-pressure is made to 
run the pump by means of a water-wheel, gravity and impingement 
of the stream both acting to revolve the drum. 

Carburetters are made of sheet metal, galvanized iron, or copper. 
One form is simply a strong tank with a float and telescope pipe 
operating through a stufling-box. The float is hollow, and the air 
is introduced to the carburetter through it. The weight of the float 
submerges the holes through which the air enters the carburetter; 
and, as flotation takes place on the gasoline itself, the air is thus 
charged with it and ready for the burner. This type of machine 
will come nearer carburetting all the gasoline of a charge than any 
other. Its fault is that the gas is too rich and smoky. 

Another type of carburetter passes the air over a given number 
of square inches of gasoline surface per burner, as indicated by the 
construction shown in Fig. 135. Still another reduces the necessary 
superficial area of gasoline by looping burlap in the case in such a 
way as to compel the air to pass through the burlap, which is charged 
with gasoline by capillary attraction. Charcoal filling has been used 
for the same purpose. 

The shape and dimensions of the simple carburetter have been 
changed for the better by introducing pans which overflow from one 
to another when filling. The required superficial surface is obtained 



355 



140 PLUMBING 

in a much smaller case in this way. There is no method, however, of 
determining the necessary relative capacity of the pans; and transfer 
cocks, pump pipes, etc., have been resorted to — first, to replenish 
a pan if it becomes empty, and then to get the heavy residual product 
into one place where it can be pumped out. This form of machine 
requires a pit so that one can get down to the cocks and connections. 
A good form of pit construction is shown in Fig. 136. 

Carburetters of nearly every make are placed in the ground, 
with or without pit, and are required by insurance companies to be 
at least 30 feet from any building. In some machines, mixers are 
employed to mix part of the air directly from the pump with the gas 
after it passes through the carburetter. The proportion of air thus 
mixed can be varied at will according to the quality of light desired. 
This feature is intended to make the use of ordinary coal-burners 
possible. The prices of machines constructed of the same material 
are a fair gauge of their relative merit. 
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METHODS OF SEWAGE DISPOSAL 

The fact that no specific gas peculiar to sewers and drains is 
known^ and that the analysis of air taken from the interior of soil pipes 
has sometimes shown fewer germs capable of producing specific dis- 
eases than air taken from the room in which the pipes were situated, 
affords no reason for abating the effort to exclude drain, sewer, and 
soil-pipe air from buildings. In cities, the public sewers offer fixed 
conditions of sewage disposal; but where no public sewer is constructed, 
there are still a number of ways to handle the sewage from house 
sewers, and there are but few locations that do not offer at least one 
chance of settling the question in an unobjectionable manner. 

For house disposal, irrigation, the dry-and-wet well plan, streams, 
and dry ravines are among the means most likely to be available. 
The septic tank, too, while its principles have as yet been employed 
only to a limited extent for individual houses, bids fair to come into 
extended use in the future. 

The first cost of the garden irrigation plan is greater, usually, 
than that of other methods; but it has the merit of fertilizing the soil 
to some extent as a return for the expenditure. The solid matter 
must be carted away from time to time. The plan consists essentially 
of buried lines of irrigating pipe ramifying through the ground to be 
improved, and a specially formed receiver into which the house pipe 
leads and from which the irrigating lines are supplied, generally by 
intermittent siphonage. The solid matter subsides; and when a 
sufficient body has accumulated, the liquid is siphoned without 
personal attention. Fig. 137 shows the grease trap and siphon well of 
a garden irrigation plant. The chambers may l>e of concrete, or of 
brick laid in cement mortar and plastered. KK are iron cistern- 
covers with loose tops. The inlet pipe E from the house* , has a hole 
in the crown of the bend, to prevent it from becoming air-bound when 
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the well is full, D is the overflow to the siphon chamber, through 
which flows a quantity of sewage corresponding to that which at any 
time enters through the pipe E. B is a hood with notched bottom, 

placed over the cen- 
tral weir A. The 
contents of the 
siphon well rise 
through the hood, 
and pour over into 
A from all points, 
producing suction, 
which, with the aid 
^— L, of the tortuous out- 

J [P[ ]j I \ let of /4, causes per- 
iodical siphonage 
of the liquid down 
to a level below the teeth of the hood. C is a cone of wire mesh to 
protect B from becoming accidentally choked. Oisan air-pipe with 





■^"/iils 

Fig. 138. Sectlonnl ElevallOD .ind Plan of Cesspool tor Sepclc Treatment ot Seirage. 

strainer at top; II, an air and overflow pipe combined; and I, the 
vitrified pipe main to the irrigating lines. 

The irrigating lines are small, hubless, perforated tile arranged 
to accomplish, by means of tight headers properly inclined, as nearly 
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as possible an even distribution of the liquid. This device — if properly 
constructed, and if placeil at a suitable distance from the house, in 
such a position that it cannot contaminate a well or other source of 
water supply — can be used with comparative safety. Special care 
should be taken in its construction; and when in use, it should be 
regularly cleaned. 

The slope of the ground necessary for the discharge of a siphon, 
generally meets the requirements of a better process — ^namely, the 
so-called Septic. The cesspool, shown in Fig. 138, is intended for this 
class of installation. It consists of two brick cliambers, the larger 
having a clean-out opening in 
the top, provided with a tight 
cover. A vent pipe is carried from 
the top to such a height tlmt all 
gases are discharged at an eleva- 
tion sufficient to prevent nui- 
sance from their presence. The 
smaller chamber is connected 
with the first by means of cast- 
iron soil-pipe, and is arranged 
to feed the lengths of porous 
tile radiating from the bottom, as 
shown in the plan view. The sec- 
ond chamber thus acts in lieu of 
the "tight headers" mentioned in 
connection with Fig. 137. The 
house drain connects with the 
larger chamber, which fills to the 
level of the overflow; then the 
liquid portion of the sewage 

drains over into chamber No. 2, and is absorbed throu^ the 
porous tile branches. The solids, which are small m amount m a 
properly designed chamljcr, remain m No 1 and may require 
removal from time to time. Unusual dilution and other favoring 
causes often produce more or less septic action m the secood 
chamber. The intercepting trap may or may not be placed in the 
house drain. 

Some natural, diy ravines are so formed and 
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ence to the general surroundings as to offer little objection to their 
use as points of discharge for the house drain. 

Streams should not be employed, unless they are of considerable 
size and have a constant flow, so as to accomplish suflBcient dilution, 
unfailing throughout the season. 

Near the urban limits, acreage available for disposal areas is 
small, and the land features and general environment so unfavorable 
that a dry well may sometimes be resorted to. This, in its best form — 
like the irrigation receiver — ^separates the solid from the liquid matter, 
and discharges the overflow of liquid, without much attention, into a 
stratum of ground in which certain bacterial processes take place. 
Fig. 139 is an elevation of a dry-and-wet well, which, when properly 
designed and installed, should operate through a long period without 
attention. 

When the dry-well feature is added to an old vault, it is first 
necessary to connect the house sewer with the vault. The dry well 
consists of a 10 or 12-inch tile pipe extending to the gravel stratum 
and filled with broken rock. This pipe is made water-tight, both 
where it passes through the bottom of the vault, and within the vault 
as well. A heavy, grayish scum collects on the surface of the sewage, 
and indicates septic action. The liquid constantly flows over into 
the dry well, and some solid matter settles to the bottom. 

The mention of this and other types of cesspools is not to be taken 
as a recommendation for their use, except when compulsory and after 
careful consideration given to their design. A sparsely settled con- 
dition of a locality reduces the harm possible from them; but under 
the most favorable conditions there is always danger of producing 
permanent pollution of the soil. 

Marshes are sometimes unwisely used as a discharge place for 
the drain pipe. Isolated low spots covered with loosely piled broken 
rock to prevent the rooting of plants and to favor bacterial action, 
have given good service, evaporation and oxidation taking care of the 
discharge for long periods. 

The septic treatment of sewage may be considered a biological 
rather than a chemical process, as its success is dependent upon pre- 
senting conditions which favor the rapid growth of certain bacteria. 
In the complete reduction of sewage by the septic method, bringing 
it to a harmless state in the form of nitrates which plant life can 
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assimilate, two forms of bacteria are employed — anaerobic and aerobic. 
Air and light retard the multiplication of the first of these The 
second require oxygen, and multiply rapidly in the open air. The 
tank or receiver proper, is a sort of catch-basin, made in form to favor 
the requirements for the propagation of anaerobic bacteria, which 
reduce the sewage to simple compounds. The tank, it appears, 
shoukl hold the output of about one day's use of the fixtures dis- 
charging into it. Light and air should be excluded. Warmth to a 
degree is essential. Such heat as is common to a pit in the earth, 
closed at the top, with no unnecessary exposure, together with the heat 
of waste water and that generated by the action taking place in the 
sewage itself, is sufficient to favor the process in winter weather of 
quite severe climates. A temperature of 54° F. has been stated to 
be the minimum permissible in this tank, for little or no septic action 
can take place at lower temperatures. The waste water of baths and 
lavatories is not turned into the septic tank merely for the heat it 
brings, but also to secure dilution of the excrement and matter from 
other sources, which not infrequently carry too little water to favor 
the best interests of the process. Both the inlet and the outlet of the 
tank should be arranged to be below the surface of the contents when 
the tank is full, so that the scum which generally forms on the surface 
will not be disturbed by entry or exit of matter. This scum, resem- 
bling wet ashes, helps to retain the heat, and excludes light and air 
from the mass — ^all favoring the accomplishment of the purpose. The 
scum may be from a few inches to 15 or 20 inches in thickness, accord- 
ing to conditions and nature of the plant. 

The contents leaving this initial receptacle, having therein been 
reduced from a complex nature to one of simpler chemical compounds, 
principally nitrites, the completion of the reduction process and the 
change from nitrites to nitrates are brought about by exposure of the 
matter to light and air, giving the aerobic micro-organisms a chance 
to develop. This would be accomplished by simply discharging 
directly into a stream; but a more rapid action is obtained by inter- 
posing an open, shallow bed of broken stone or slag for the liquid to 
flow through first, so as to break up and bring into contact with the air 
as large an amount of surface as possible before piping to stream or 
elsewhere. In this way a more complete reduction is certain before 
the matter reaches any final source of disposal. 
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The bacteria necessary to the process are always present in 
abundance in fresh sewage, and nothing more than the time necessary 
to their cultivation is required in the simplest provision for operation. 
The resulting product is described as mainly consisting of a harm- 
less, colorless, odorless, stable liquid. In this process, admission 
of air to the tank, or lack of sufficient heat or dilution, may result in a 
putrescent state of the matter, such as is occasionally found in a 
common cesspool. 

As already noted, the septic process is not yet w^idely used, except 
for town sewage, where it is rapidly gaining in favor. Here elaborate 
methods are adopted to favor the aerobic or oxidizing end of the 
operation, mostly through filters of special design, all aiming to secure 
absolute stability and harmlessness of the final discharge from the 
sewage disposal plant. 

Fig. 140 illustrates a simple arrangement for the septic treatment 
of sewage. A is the septic tank proper, where the anaerobic action 




Fig. 140. Simple Tank Arrangement for Septic Treatment of Sewage. 

takes place; and B is the second receptacle, with a bed of broken stone 
designed to break up the discharge from ^ in a way to favor aerobic 
action. C is the inlet, and D the outlet. Wider experience will 
doubtless develop much data bearing on the form of apparatus and the 
latitude of conditions under which particular grades of waste can be 
most successfully treated. Numberless variations from the arrange- 
ments shown are being employed, according to size of plant and com- 
position of waste product. From ten to thirty days are required for 
the development of the bacteria and their action. 

Where the level of the outfall of a sewer for either an individual 
house or a community is below the level into which the final discharge 
must be made, it is necessary to use a sewage lift or pump to raise the 
matter to a point where gravitation will again take care of the flow. 
These lift pumps may be had suitable for either large or small instal- 
lations. For sub-cellars or other points below the level of the main 
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drain, surface draina;;e may l)c assembled in a well like that shown 
in Fig. 141 ; and from then*, by means of a cellar drainer operated by 
steam or water, it may be automatically lifted and discharged into 
the drain, as shown by the engraving. The well is composed of metal 
rings about 30 inches in diameter, bolted together. One section is 
provided with pipe hubs for entry of the surface drain-pipes, and the 
cap is arranged with manhole opening and cover. If the drain into 
which the water is discharged is subject to reverse currents from 
tide or flood water, than a trap, with tide-water valve, arranged as 
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Pig. 141. Well for Collecting Surface Drainage from Sub-Cellars, etc., 

below Main Drain, into which it is Subsequently 

Liif ted and Discharged. 

shown between B and C, is used; otherwise, a simple trapped con- 
nection, as indicated by pipe A, leads the discharge water into the 
sewer, and the work shown from 5 to C is omitted. 

A sanitary sewerage system cannot be installed until a public 
water supply has been provided. It is needed as soon as that is 
accomplished ; for, while the wells may then be abandoned, the volume 
of waste water is greatly increased by the more copious water supply. 
Its foulness is also much increased through the introduction of water- 
closets. Without sewers and with a public water supply, cesspools 
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must be used ; and with these begins a continuous pollution of the soil 
much more serious than that which commonly results from vaults and 
the surface disposal of slops. 

Among the data which should first be obtained in laying out a 
sewer system, are : 

1. The area to be served, with its topography and the general 
charaxder of the soil. A contour map of the whole town or city, show- 
ing the location of the various streets, streams, ponds, or lakes, and 
contour lines for each 5 feet or so of change in elevation, is necessary 
for the best results. The general character of the soil can usually be 
ascertained by observation and inquiry among residents or builders 
who have dug wells or cellars, or who have observed work of this kind 
being done. The kind of soil is important as affecting the cost of 
trenching, as well as its wetness or dryness; and this, together with 
a determination of the ground-water level, will be useful in showing 
the extent of under-draining necessary. 

2. Whether the separate or the coTubined system of sewerage, or a 
compromise between the two, is to be adopted. These points will depend 
almost wholly upon local conditions. The size and cost of com- 
bined sewers is much greater than the separate system, since the sur- 
face drainage in times of heavy rainfall is many times as great as the 
flow of sanitary sewage. In older towns and cities, it sometimes 
happens that drains for removing the surface water are already pro- 
vided ; and in this case it is necessary only to put in the sanitary sewers; 
or again, the latter may be provided, leaving the matter of surface 
drainage for future consideration. 

If the sewage must be purified, the combined system is out of 
the question, for the expense of treating the full flow in times of maxi- 
mum rainfall would be enormous. Sometimes more or less limited 
areas of a town may require the combined system, while the separate 
system is best adapted for the remainder; and, again, it may be neces- 
sary to take only the roof water into the sewers. As already stated, 
local conditions and relative cost are the principal factors in deciding 
between the separate and combined systems. 

3. Whether subsoil drainage shall be provided. In most cases 
this also will depend upon local conditions. It is always an advantage 
to lower the ground-water level in places where it is sufficiently high 
to make the ground wet at or near the surface during a large part of 
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the year. In addition to rendering the soil dry around and beneath 
cellars, the laying of underd rains is of such aid in sewer construction 
as to warrant their introduction for this purpose alone. This is the 
case where the trenches are so wet as to render the making and setting 
of cement joints difficult. The aim in all goo'l sewer work is to reduce 
the infiltration of ground water into the pipes to the smallest amount; 
but in very wet soil, tight joints can be made only with difficulty, and 
never with absolute certainty. Cases have been known where fulfy 
one-half the total volume of sewage consisted of ground water which 
had worked in through the joints. 

4. The best means for the final disposal of the sewage. Until 
recently it was the custom to turn sewage into the nearest river or lake 
where it could be discharged with the least expense. The principal 
point to be observed in the disposal of sewage is that no public water 
supply shall be endangered. At the present time, no definite knowl- 
edge is at hand regarding the exact length of time that disease germs 
from the human system will live in water. The Massachusetts 
Legislature at one time said that no sewer should discharge into a 
stream within 20 miles of any point where it is used for public water 
supply; but decisions on this point are now left largely in the hands 
of the State Board of Health. There may be cases where sewage 
disposal seems to claim preference to water supply in the use of a 
stream; but each case must be decided on its own merits. Knowing 
the amount of water, the prevailing conditions of flow, and the prob- 
able quantity and character of the sewage, it is generally easy to 
determine whether all of the crude sewage of a city can safely be 
discharged into the body of water in question. Averages in this case 
should never be used; the water available during a hot and dry 
summer, when the stream or lake is at its lowest and its banks and bed 
are exposed to the sun, is what must be considered. 

Where sewage is discharged into large bodies of water — either 
lakes or the ocean — it is generally necessary to make a careful study of 
the prevailing currents, to determine the most available point of dis- 
charge, in order to prevent the sewage becoming stagnant in bays, 
or the washing ashore of the lighter portions. Such studies are 
commonly made with floats, which indicate the direction of the 
existing currents. 

5. PopiUation, water consumption, and volume of sewage for 
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which provision should be made, together with the rainfall data if 
surface drainage is to be installed. The basis for population studies 
is best taken from the Census reports, extending back many years. 
By means of these the probable growth can be estimated for a period 
of from thirty to fifty years. In small and rapidly growing towns, 
it must be remembered that the rate of increase is generally less as 
the population becomes greater. 

It is desirable to design a sewerage system large enough to serve 
for a number of years, twenty or thirty perhaps, although some parts 
of the work, such as pumping or purification works, may be made 
smaller and increased in size as needed. 

The pipe system should be large enough at the start to serve each 
street and district for a long period, as the advantages to be derived 
from the use of the city sewers are so great that all houses are almost 
certain to be connected with them sooner or later. It is often neces- 
sary to divide a city into districts, in making estimates of the probable 
growth in population. Thus the residential sections occupied by the 
wealthiest classes will consist of a comparatively small population per 
acre, due to the large size of the lots. The population will grow more 
dense in the sections occupied by the less wealthy, the well-to-do, and, 
finally, the tenement sections. In manufacturing districts the amount 
of sewage will vary somewhat, depending upon the lines of industry 
carried on. 

The total water consumption depends mainly upon the popula- 
tion, but no fixed rule can be laid down for determining it beforehand. 
It is never safe to allow less than 60 gallons per day per capita as the 
average water consumption of a town, if most of the people patronize 
the public water supply. In general it is safer to allow 100 gallons. 

The total daily flow of sewage is not evenly distributed through 
the 24 hours. The actual amount varies widely during different 
hours of the day. In most towns there should be little if any sewage, 
if the pipes are tight enough to prevent inward leakage, between about 
10 o'clock in the evening and 4 o'clock in the morning. From two- 
thirds to three-fourths of the daily flow usually occurs in from 9 to 
12 hours, varying in different communities. This is not of importance 
in designing the pipe system, but only affects the disposal. 

Rainfall data are usually hanl to obtain, except in cities and 
larger towns. In cases of this kind, the data from neighboring towns 
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or cities may be used, if available. Monthly or weekly totals are of 
little value, as it is necessary to provide for the heaviest rains, as 
a severe shower of 15 minutes may cause more inconvenience and 
damage, if the sewers are not sufficiently large, than a steady rain 
extending over a day or two. A maximum rate of 1 inch per hour 
will usually cover all ordinary conditions. The proponion which 
will reach the sewers during a given time will depend upon local con- 
ditions, such as the slope of the land; whether its surface is covered 
with houses and paved streets, cultivated fields, or forests, etc. 

6. Extent and cost of the proposed system. This is a matter 
largely dependent upon the local treasury, or the willingness of the 
people to pay general taxes or a special assessment for the benefits to 
be derived. 

SEWER DESIGN AND CONSTRUCTION 

The first step is to lay out the pipe or conduit system. For this, 
the topographical map already mentioned will be found useful. This, 
however, should be supplemented by a profile of all the streets in 
which sewers are to be laid, in order to determine the proper grades. 
In laying out the pipe lines, special diagrams and tables which have 
been prepared for this purpose may be used. In the separate system, 
it is generally best to use 12-inch pipe as the smallest size, to lessen the 
risk of stoppage, although 8 to 10-inch pipe is ample for the volume 
of sanitary sewage from an ordinary residence street of medium length. 
Pipe sewers are generally made of vitrified clay, with a salt-glazed 
surface. Cement pipe is also used in some cities. The size of pipe 
sewers is limited to 30 inches in diameter, owing to the difficulty and 
expense of making the larger pipe, and the comparative ease of laying 
brick sewers of any size from 24 or 30 inches up. In very wet ground, 
cast-iron pipe with lead joints is used, to prevent inward leakage or 
settling of the pipe. 

The pipes should be laid to grade with great care, and a good 
alignment should be secured. Holes should be dug for the bells of the 
pipe, so that they will have solid bearings their entire length. If rock 
is encountered in trenching, it will be necessary to provide a bed for the 
pipe which will not be washed into fissures by the stream of subsoil 
water which is likely to follow the sewer when the ground is saturated. 
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Underdrains. Where sewers are in wet sand or gravel, under- 
d rains may be laid beneath or alongside the sewer. These are usually 
made of ordinary agricultural tiles, 3 inches or upward in diameter. 
They have no joints, being simply hollow cylinders, and are laid with 
their ends a fraction of an inch apart, wrapped with cheap muslin 
cloth to keep out the dirt until the matter in the trench becomes 
thoroughly packed about them. These drains may empty into the 
nearest stream, provided it is not used for a public water supply. 

Manholes. These should he placed at all changes of grade, and 
at all junctions between streets. They are built of brick, and afford 
access to the sewer for inspection ; in addition to this, they are some- 
times used for flushing. They are provided with iron covers, which 
in many cases are pierced with holes for ventilation. 

Sewer Grades. The grades of sewers should, where possible, 
be sufficient to give them a self-cleaning velocity. Practical experi- 
ments show that sewers of the usual sections will remain clear with 
the following minimum grades: Separate house connections, 2 per 
cent (2-foot fall in each 100 feet of length); small street sewers, 1 per 
cent; main sewers, 0.7 per cent. These grades may be reduced 
slightly for sewers carrying only rain or quite pure water. 

The following formula may be used for computing the minimum 
grade for a sewer of clear diameter equal to d inches, and either 
circular or oval in section: 

iv/r. . 1 ^00 

JMmimum grade, per cent = ^. , j. - 

Flushing Devices. Where very low gratles are unavoidable, 
and at the head of branch sewers, where the volume of flow is small, 
flushing may be used with advantage. In some cases water is turned 
into the sewer through a manhole, from some pond or stream or from 
the public waterworks system. Generally, however, the water is 
allowed to accumulate before being discharged, by closing up the 
lower side of the manhole until the water partially fills it, and then 
suddenly releasing it and allowing the water to rush through the pipe. 
Instead of using clear water from outside for this purpose, it may be 
sufficient at some points on the system simply to back up the sewage, 
by closing the manhole outlet, thus flushing the sewer with the sewage 
itself. 
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Where frequent and regular flushing is required, automatic devices 
are often used. These usually operate by means of a self-discharg- 
ing siphon, although therte are other devices operated by means of 
the weight of a tank which fills and empties at regular intervals. 

House Connections. Provision for house connections should 
be made when the sewers are laid, in order to avoid breaking up the 
streets after the sewers are in use. Y-branches should be put in at 
frequent intervals, say from 25 feet upwards, according to the charac- 
ter of the street. When the sewer main is deep down, quarter- 
bends are sometimes provided ; and the house-connection pipe is car- 
ried vertically upwards to within a few feet of the surface, to avoid 
deep digging when connections are made. 

WTiere house connections are made with the main, or where two 
sewers join, the direction of the flow should be kept as neariy the same 
as possible, and the entering sewer should be at a little higher level, 
in order to increase the velocity of the inflowing sewage. 

Depth of Sewers below Surface. No general rule can be followed 
in this matter, except to place the sewers low enough to secure a 
proper grade for the house connections which are to be made with 
them. They must be kept below a point where there would be trouble 
from freezing; but the natural depth is suflScient to prevent this in 
most cases. 

Ventilation of Sewers. There is more or less difference of opinion 
in regard to the proper method of ventilating sewer mains. Ventila- 
tion through soil-pipe foul-air outlets carried above the roof-level, 
with the aid of street manhole gratings, constitutes the usual procedure, 
though not entirely satisfactory. If air inlets and outlets were placed 
on the main sewers at inter\als of 300 feet or so, the accumulation of 
air-pressures which now obtains would be prevented. The omission 
of all intercepting traps would result in the uniform ventilation of the 
public sewers through the various house pipes, and, in the opinion 
of some, is highly desirable. 

The Combined System. The principal differences between the 
combined and the separate system lie in the greater size of conduits 
in the combined system, and the admission of surface water. Com- 
bined sewers are generally of brick, stone, or concrete, or a combina- 
tion of these materials, instead of vitrified pipe. Another difference 
is the provision for storm overflows^ by means of which the main sewers, 
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^hen overchai^ed in times of heavy rainfall, can empty a part of 
their contents into a nearby stream. At such times the sewage is 
diluted by the rain-water, while the stream which receives the overflow 
is also swollen. 

Size, Shape, and Material. The actual size of the sewer, and 
also to a large extent its shape and the material of which it is 
constructed, depend upon local conditions. Where the depth of flow 
varies greatly, it is desirable to give the sewer a cross-section to suit all 
flows as fully as possible. 

The best form of section to meet these requirements is that of an 
egg with its smaller end placed downward. With this form the 
greatest depth and velocity of flow are secured for the smallest amount 
of sewage, thus reducing the tendency to deposits and stoppages. 
Where sewers have a flow more nearly constant and equal to their 
full capacity, the form may be changed more nearly to that of an ellipse. 

For the larger sewers, brick is the most common material, both 
because of its low cost and the ease with which any form of conduit is 
constructed. Stone is sometimes used on steep grades, especially 
where there is much sand in suspension, which would tend to wear 
away brick walls. Concrete is used where leakage may be expected 
or where the material is liable to movement, but is more conunonly 
used as a foundation for brick construction. 

A catch-basin is generally placed at each street comer, and pro- 
vided with a grated opening for giving the surface water access to a 
chamber or basin beneath the sidewalk, from which a pipe leads to 
the sewer. Catch-basins may be provided with water traps to prevent 
the sewer air from reaching the street; but traps are uncertain in 
their action, as they are likely to become unsealed through evaporation 
in dry weather. To prevent the carrying of sand and dirt into the 
sewers, catch-basins should be provided with silt chambers of con- 
siderable depth, with overflow pipes leading to the sewer. The 
heavy matter which falls to the bottom of these chambers may be 
removed by buckets and carted away at proper intervals. 

Storm Overflows. The main point to be considered in the con- 
struction of storm overflows is to ensure a discharge into another 
conduit when the water reaches a certain elevation in the main sewer. 
This may be carried out in different ways, depending upon the avail- 
able points for overflow. 
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Pumping Stations. The greater part of the sewerage systems 
in the United States operate wholly by gravity; but in some cases it 
is necessary to pump a part or the whole of the sewage of a city to a 
higher level. In general the sewage should be screened before it 
reaches the pumps. 

Where pumping is necessary, receiving or storage chambers are 
sometimes used to equalize the work required of the pumps, thus 
making it possible to shut down the plant at night. Such reservoirs 
should be covered, unless in verj' isolated localities. The force main 
or discharge pipe from the pumps is usually short, and is generally 
of cast iron put together in a manner similar to that used for water- 
supply systems. 

Tidal Chambers. Where sewage is discharged into tide water, 
it is often necessary to provide storage or tidal chambers, so that the 
sewage may be discharged only at ebb tides. These are constructed 
similar to other reservoirs, except that they must have ample discharge 
gates, so that they can be emptied in a short time. They are some- 
times made to work automatically by the action of the tide. 

SEWAGE PURIFICATION 

Before taking up this subject in detail, it will be well to consider 
what sewage is, from a chemical standpoint. 

When fresh, sewage appears at the mouth of an outlet sewer as a 
milky-looking liquid with some large particles of matter in suspension, 
such as orange peels, rags, paper, and various other articles not easily 
broken up. It often has a faint, musty odor, and in general appear- 
ance is similar to the suds-water from a family laundry. Nearly all 
of the sewage is water, the total amount of solid matter not being more 
than 2 parts in 1,000, of which half may be organic matter. It is 
this 1 part in 1,000 which should be removed, or so changed in char- 
acter as to render it harmless. 

The systeips of purification now in most conmion use are the 
septic treatment already described, chemical precipitation, and the 
land treatment. Mechanical straininj, sedimentation, and chemical 
precipitation are largely removal processes; while land treatment, 
by the slow process of infiltration or irrigation, changes the decaying 
organic matter into stable mineral compounds. 
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Sedimentation. This is effected by allowing the suspended 
matter to settle in tanks. The partially clarified liquid is then drawn 
off, leaving the solid matter, called sludge, at the bottom for later 
disposal. This system requires a good deal of time and large settling- 
tanks, and until recently has been considered suitable only for small 
quantities of sewage. 

Mechanical Straining. This is accomplished in different ways, 
with varying degrees of success. Wire screens or filters of various 
materials may be employed. Straining of itself is of little value except 
as a step to further purification. Beds of coke from six to eight inches 
in depth are often used with good results. 

Chemical Precipitation. Sedimentation alone removes only 
such suspended matter as will sink by its own weight during the com- 
paratively short time which can be allowed for the process. By adding 
certain substances, chemical action is set up, which greatly increases 
the rapidity with which precipitation takes place. Some of the organic 
substances are brought together by the formation of new compounds; 
and, as they fall in flaky masses, they carry with them other suspended 
matter. 

A great number and variety of chemicals have been employed for 
this purpose; but those which experience has shown to be most 
useful are lime, sulphate of alumina, and some of the salts of iron. 
The best chemical to use in any given case depends upon the character 
of the sewage, and on relative cost in the particular locality where it 
is to be used. Lime is cheap, but the large quantity required greatly 
increases the amount of sludge. Sulphate of alumina is more expen- 
sive, but it is often used to advantage in connection with lime. Where 
an acid sewage is to be treated, lime alone should be used. 

The chemicals should be added to the sewage, and thoroughly 
mixed, before it reaches the settling-tank; this may be effected by the 
use of projections or baffling-plates placed in the conduits leading 
to the tank. The best results are obtained by means of long, narrow 
tanks; and they should be operated on the continuous rather than the 
intermittent plan. The width of the tank should be about one-fourth 
its length. In the continuous method, the sewage is constantly flowing 
into one part of the tank and discharging from another. In the 
intermittent system, a tank is filled and then the flow is turned into 
another, allowing the sewage in the first tank to come to rest. In the 
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continuous plan, the sewage generally flows through a set of tanks 
without interruption until one of the compartments needs cleaning. 
The clear portion is drawn off from the top, the sludge is then removed, 
and the tank thoroughly disinfected before being put in use again. 

The satisfactory disposal of the sludge is a somewhat difficult 
problem. The most common method is to press it into cakes, which 
greatly reduces its bulk and makes it more easily handled. These 
are sometimes bumed, but are more often used for fertilizing purposes. 
In some cases, peat or some other absorbent is mixed with the sludge, 
and the whole mass removed in bulk. In other instances, the sludge 
is run out on the surface of coarse gravel beds, and reduced by draining 
and drying. In wet weather, little drying takes place; and during 
the cold months, the sludge accumulates in considerable quantities. 
This process also requires much manual labor, and in many cases 
suitable land is not available for the purpose. The required capacity 
of the settling-tanks is the principal item in determining the cost of 
installing precipitation works. 

In the treatment of house sewage, provision must be made for 
about ^V the total daily flow; and in addition to this, allowance 
must be made for throwing out a portion of the tanks for cleaning and 
repairs. In general, the tank capacity should not be much less than 
i the total daily flow. 

In the combined system, it is impossible to provide tanks for the 
total amount; and the excess due to storm water must discharge into 
natural watercourses or pass by the works without treatment. 

Broad Irrigation or Sewage Fanning. Where sewage is applied 
to the surface of the ground upon which crops are raised, the process 
is called sewage farming. This varies but little from ordinary irriga- 
tion, where clean water is used instead of sewage. The land employed 
for this purpose should have a rather hght and porous soil, and the 
crops should be such as require a large amount of moisture. The 
application of from 5,000 to 10,000 gallons of sewage per day per 
acre is considered a liberal allowance. On the basis of 100 gallons of 
sewage per head of population, this would mean that one acre would 
care for a population of from 50 to 100 people. 

Sub-Surface Irrigation. This system is employed, as already 
described, only upon a small scale, and chiefly for private dwellings, 
public institutions, and small communities where for any reason 
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surface disposal would be objectionable. The sewage is distributed 
through agricultural drain tiles laid with open joints and placed only 
a few inches below the surface. Provision should be made for chang- 
ing the disposal area as often as the soil may require, by turning the 
sewage into other subdivisions of the distributing pipes. 

Intermittent Filtration. This method, and the broad irriga- 
tion already described, are the principal purification processes — ^not 
considering the septic method — in use on a large scale, which can 
remove practically all the organic matter from sewage without being 
supplemented by some other method. The process is a simple one, 
and consists in running the sewage out through distributing pipes on 
beds of sand 4 or 5 feet in thickness, with a system of pipes or drains 
below for collecting the purified liquid. In operation, the sewage 
is turned first on one bed and then on another, thus allowing an 
opportunity for the liquid portion to filter through. As the surface 
becomes clogged, it is raked over, or the sludge may be scraped off 
together with a thin layer of sand. The best filtering material con- 
sists, of a clean, sharp sand with grains of uniform size, such that the 
free space between them will equal about one-third the total volume. 
When the sewage is admitted to the sand, only a part of the air is driven 
out, so that there is a store of oxygen left, upon which the bacteria 
may draw. This is not a mere process of straining, but the formation 
of new compounds by the action of the oxygen in the air, thus changing 
the organic matter into inorganic. Much depends upon the size 
and quality of the sand used. 

The work done by a filter is largely determined by the finer 
particles of sand, and that used should be of fairly uniform quality, and 
the coarser and finer particles should be well sized. The area and 
volume of sand or gravel required are so large that the transportation 
of material any great distance is out of the question. Usually the 
beds are constructed on natural deposits, the top soil or loam being 
removed. The sewage should be brought into the beds so as to dis- 
turb their surface as little as possible, and should be distributed 
evenly over the whole bed. 

The underdrains should not be placed more than 50 feet apart, 
usually much less, and should be provided with manholes at the 
junctions of the pipes. Before admitting the sewage to the beds, it is 
usually best to screen it sufficiently to take out paper, rags, and other 
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floating matter. The size and slope of each bed should be such as to 
pennit an even distribution of sewage over its surface. 

Where the filtration area is small, it must be divided so as to 
permit of in tennittent operation ; that is, if a bed is to be in use and 
at rest for equal periods, then two or more beds will be necessary, 
the number depending on the relative periods of use and rest. Some 
additional area should also be provided for emergency, or for use 
while the beds are being scraped. If a large area is laid out, so that 
the size of the beds is limited only by convenience in use, then an 
acre may be taken as a good size. 

The degree of purification depends upon various circumstances; 
but with the best material, practically all of the organic matter can be 
removed from sewage by intermittent filtration, at a rate of about 
100,000 gallons per day. ^ 

There is often much opposition to sewage purification by those 
living or owning property near the plants; but experience has shown 
that well-conducted plants are inoflFensive, both within and without 
their enclosures. The employees about such works are as healthy 
as similar classes of men in other occupations. The crops raised on 
sewage farms are as healthful as those of the same kind raised else- 
where; and meat and milk from sewage farms are usually as good as 
when produced under other conditions. Good design and con- 
struction, followed by proper methods of operation, are all that are 
needed to make sewage purification a success. No one system can 
be said to be the best for all localities. The special problems of each 
case must be met and solved by a selection from among the several 
systems and combinations of systems, and parts chosen that are best 
adapted to the conditions at hand. 

Where sewerage and storm water are carried in one system of 
pipes or conduits, rain-water leaders may ventilate the drain more or 
less. Trapping a leader drain is often unnecessary, if it opens above 
the highest windows. Porch and veranda roof drains having windows 
above them may require trapping, but it should be done in a way to 
insure the maintenance of the water-seal of the trap. As these drains 
are small, merely connecting to the main drain inside (on the house 
side), the main intercepting trap may be deemed sufficient unless 
closure by hoar frost is likely. Other pipes so connected being higher, 
the chances are that air will enter the open end to supply a current up 
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the taller lines; and if this is not the case, dilution of what air may be 
thus brought into the open will render its danger of little consequence. 
Care must be taken in the design of a system of plumbing, that leader 
traps are not omitted where such omission would result in the weak- 
ening of the flow of air through the principal vent pipes. 

THE HOUSE DRAINAGE SYSTEM 

Assuming that the method of disposing of sewage and drainage 
is decided upon, the problem of how to pipe the house safely may be 
considered as presenting about the same conditions, whether the house 
drain enters a branch from the city sewer or terminates in some other 
means of disposal. 

Granted that sewer air is a thing to be guarded against, the safest 
plan is to pursue that course which offers the surest means of keeping 
the house free of it. We know that through contamination of water 
supply by filtration from vaults, etc., the human system may suffer 
pollution, and may develop specific disease of a serious, even fatal 
nature. It is no less certain that polluted air will affect the lungs 
similarly, according to the nature of the pollution. On this ground, 
notwithstanding any argument to the contrary, we should proceed to 
exclude sewer air entirely, and to make the air of the house drain-pipes 
as pure as possible. 

It must be remembered that where a whole system of plumbing is 
designed with certain ends in view, and all the details worked out 
accordingly, a house system may be satisfactory which under slight 
disturbance of conditions would be abominable. Therefore no 
departure from a certain means of positively accomplishing a desired 
result should be accepted without unanimous endorsement of those 
in position to know what is safe. People, however, have been at all 
times too ready to accept any plan that promised the immediate 
saving of a dollar. Certain plumbing accessories may be admirably 
adapted to use in one place, yet wholly unfit for service in another; 
but the makers cannot be expected to discriminate; they are prej- 
udiced, and are not on the ground. It is the business of the public, 
through architects and plumbers, to select suitable means to the end. 

With the fresh-air inlet and proper installation throughout the 
building, an intercepting trap is likely to exclude sewer air from the 
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Intercepting Trap In Oellu. 



house, and to keep the drains in the house filled with fresh air from the 
open atmosphere (see page 163) With these conditions, a possible 
leal^ joint or defective trap can permit only comparatively pure air 
to enter from the 
pipe The inter- 
cepting trap being 
in the mam line, 
all water from the 
house passes 
through it, msuring 
the water seal being 
maintained The 
foul-air outlet ven- 
tilates the sewer 
much as would the 
house lines if the trap were omitted, because in it there 
is never any contraiy rush of air or wafer, both of which would 
check or reverse the current, and the latter of which reduces the 
area of the pipe, even though it be assumed that no further inter- 
ference occurs through discharge from fixtures. The trap may be 
in the yard or within the house walls, according to circumstances. 
Fig. 142 shows an intercepting 
trap in the cellar, with its fresh-air 
inlet terminating above the 
snow-level. Many jobs were 
formerly piped in a way per- 
mitting soil air to puff out 
through the inlet. Fig. 143 
shows a plan that has been 
resorted to with the idea of car- 
rying such discharges to a safe 
height without interfering with 
the normal action of the fresh- 
air inlet. It is merely a rising 
line with an inverted funnel over 
the open end of the inlet, which 
incidentally protects the air-pipe from lodgment of foreign 
matter. The foul-air outlet shoukl not terminate near a window or 
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door, nor be too close to the fresh-air inlet opening. It should be 
located so that it will be free of chance obstruction, and above the 
level of winter ice and snow, even thou^ it has to be piped to above 
the poof-Ievel as indicated in Fig. 144, in which ^ is a cone strainer 
with solid top, and T the main inters 
cepting trap. The direct line of 
foul-air pipe to roof, and the dis- 
tance between the trap and fresh-air 
inlet grating, provide every requisite 
possible to this part of the house 
^ drainage, whether a loop stack, 
spoken of on another page, is em- 
ployed or not, 

A very good plan of terminating 

air inlet and outlet pipes in 

Fig. 1«. Foul-Air OuUet^romIntercep^ .... i ^ ,i . 

iii(( Trap Carried to Root. Situations exposed to the entrance 

of obstacles, is to use a single or 

double hub return bend above snow-level, as shown in Fig. 145. In 

this way, nothing can fall in by accident; sleet from any direction 

cannot choke the openings; nor are children likely to fill the pipe. 

Fig. 146 illustrates a galvanized-wire guard placed in the hub; 

such a guard is generally used on conductor pipe, but is equally suited 

to the protection of soil and vent lines in mild climates. In Northern 

localities, the regular cast hood and 

thimble made for the purpose are 

better. The area of the openings 

of the strainer should aggregate 

at least 12 square inches for pipe 

4-ii,ch or less; .nd where frost WmWWWTOmTOL 

._ i_i ■ . J ,1 , . , ,1 Fig. US. Helum Bend Used to Tern 

trouble is feared, the strainer should Air miet or ouuet pipe. 

be recessed several inches so that 

the frost will have to close the open end of the pipe instead of the 

grating. 

The foul-air pipe should not have abrupt offsets at any point. 
The lodgment of foreign matter therein would be possible, and the 
function of the pipe perhaps thus impaired. This pipe not only 
ventilates the sewer, but offers egress for air when storm water is 
crowding the sewer, and at other times when air-pressure would 
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otherwise drive the seal of the trap toward the house, enough ulti- 
mately, in some cases, to lose the seal by waving out when the pressure 
is relieved, 

When a trap loses its seal by waving out, the water, in flowing 
back to its normal position, gains momentum enough to throw some 
of it over the weir, and the balance is not enough to seal the trap. 
Waving out is always caused, first, by air-pressure on 
the sewer side, and then by gravity acting as 
described. 

The operation of the fresh-air inlet depends on 
air from the open entering the house drain near the 
trap and filling the bouse system, passing out through 
the vent pipe above the roof. The inlet should be 
as lai^ as the house sewer, which should never be less 
than 4 inches diameter, usually 5 inches. The same 
precautions taken against snow and ice and other 
obstructions to the foul-air outlet, are necessary to 
the fresh-air inlet. The difference in level of the 
inlet and the exit, together with the warmth of the 
buildine, causes an upward current through the oaivanfieii-Wire 

° "^ " (Jii«nl at End 




stopping at an elevation inferior to the outlet of 

the soil-pipe extension, when necessary to cany the inlet to the roof, 

will usually insure a draft. 

Objection is often raised against the fresh-air inlet, for the reason 
that puffs of foul air are thrown out when fixtures are discharged. 
This is easily possible, but mainly the result of faulty installation. 
One feature of plumbing is no more likely to be satisfactory than 
another where ignorance prevails, or when merely the simple letter 
instead of the spirit of ordinary specifications is lived up to. House 
main lines of the same size as soil-stacks (4-incb) will cause puffs of 
air from tlie fresh-air inlet if the horizontal run and the inlet branch 
are both short. It is well to remember that the air so puffed out is 
not sewer air. It is air which has just entered the house system from 
the open. And, if the fresh-air branch is of decent length, as de- 
scribed, and as shown in Fig. 144, the puff occasioned by the discharge 
of a fixture in an ordinary house, even in an objectionable job, may 
not equal a third of the really fresh air in the inlet branch. 
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The chance of puflBng under the action of fixtures can be avoided 
by a loop providing for simple revolution of air when fixtures are 
discharged. A soil-stack from the main horizontal line is carried up 
to the roof, with all connections as usual, except one. This is made 

above the highest fixture, and of the same 
size as the soil-stack, and is generally car- 
ried down and connected, as it should be, 
into the horizontal main several feet nearer 
the intercepting trap than where the cor- 
responding soil-stack leaves the main. Some 
connections are so close to the point of exit 
that the vertical stacks are made to con- 
stitute the whole loop, as shown in Fig. 147, 
in which cases the direct stack E from X to 

Y should invariably be a portion of the vent 
If the connection X is made in the hori- 
zontal run, as before mentioned, stack F 
should be the vent, as a rule, instead of 
carrying the closet branches GG as shown. 

V and V are crown vents for the closets. 
The crown vents may in some situations be 
made into a separate smaller line leading 
into the soil-stack above the highest fixture. 

By the loop plan, air is thrust before the 
water discharged from a fixture as usual; 
also, there is the same tendency to a vacuum 
behind the water so discharged. But, in- 
stead of reversing the general current and 
^^iJpre^en?Puffs of A?r*''^ drawing air from the roof to fill the void, the 
*^ ^n*iet.^*^ roof current in the soil-stack from the loop 

connection up, is merely checked, more or 
less; and the air already rising in the loop turns down the soil- 
stack and fills the void. Without the loop, considerable compression 
would take place in front of the water before the current in the house 
main could be reversed. With the loop, this compression is confined 
principally to the stack. The void being supplied by the loop, the 
air driven in front of the water simply passes up the loop in response 
to the call for air to fill the void behind the water. 
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Referring again to Fig. 147, air takes the course oflFering the 
least friction ; and F branching out of and into E, which is the same 
size pipe as shown at X and F, the greater part of a current of air pass- 
ing upward through them will travel by pipe E. For this and other 
reasons it is best to take the branch pipe F for the soil pipe. Then, 
tvhatever oflFset may be necessary to reach the closet openings will be 
washed; and the straight, vertical stack left for the vent affords no 
chance for the lodgment of rust or other obstruction. When water 
is discharged into the soil pipe at G, pipe V protects the closet trap 
from siphonage; and the tendency to form a vacuum above the water 
in the soil pipe by the piston action of the discharge water, is neutral- 
ized by a proportional draught of air from vent pipe E through branch 
Y. The air in the vent pipe between Y and B tends to continue its 
course to the roof, while that below the branch Y is traveling toward 
branch Y. A partial vacuum formed in soil pipe F by a discharge 
from a fixture, will be checked by a supply of air drawn from vent pipe 
E between branches X and Y. The vacuum formed behind the 
discharge water in soil pipe F increases the upward velocity of air 
in vent pipe E below F; and the air pushed down in front of the 
discharge attempts to reverse the current below X. The increased 
velocity of the air in pipe E demands more air than was passing 
through it by natural draught. This demand is supplied by the extra 
volume which the water is pushing before it. 

As long as the discharge water is above branch X, the air simply 
revolves in the two pipes which form the loop. The air in pipe F 
travels downward before the water, and up through pipe E and 
branch Y, and down pipe F behind the water. This revolution of air 
in the loop continues until the water reaches the junction X of pipes 
E and F, without causing any perceptible "puff" at the fresh-air 
inlet opening. 

When both the connections are in vertical lines as in Fig. 147, 
after the water passes X, it will probably reverse the current of air in 
the fresh-air pipe in some instances; but, were it possible to shove out 
every atom of air in the soil pipe between the trap and point X, there 
still would not be a particle of foul air puffed out at the fresh-air 
opening, if the fresh-air pipe is of greater length than the distance 
between X and the trap. 

After the fixture water reaches X connection when X is made in 
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a larger and horizontal pipe, its interference with the air is not con- 
siderable. The object in not connecting the loop stacks as close 
together as fittings will permit when they lead into a horizontal line, 
is to keep the water, as it turns into the horizontal main, from 
interfering with the entry of air to the vent. By giving some dis- 
tance to travel before reaching the loop connection, the discharge 
of water will be well spread in the main line before passing it. From 
this point on, it may cause violent eddying of the air in the main, 
but no actual reversal of the current will take place. 

The force of air in front of water in down spouts that connect 
inside of the intercepting trap, may at times reverse the air in the 
fresh-air inlet proper. The loop pipe is an aid in this respect, too, as 

more air is at hand to cushion the 
rush of a sudden downpour; and 
the various fixture trap seals are, 
if aflFected at all, left much more 
stable. It would, if necessary, be 
better to have soil-pipe air expelled 
from an inlet, at times, by the action 
of storm water, than to incur the risk 
of siphonage or waving-out of fixture 
trap seals for lack of it. 

No pipe of any building should 
open to the air with less than a 
4-inch end. Small pipes should be increased to 4 inches before 
passing through the roof, as shown in Fig. 148. Pipe 4-inch and 
larger, up to 6-inch, should be increased to 6-inch. The object in all 
cases being to prevent closure by hoar frost. With 6-inch and larger 
pipe, it is doubtful if it is ever necessary to increase the size at the roof, 
excepting in buildings with cold roof space, no matter how high the 
building may be; yet some city ordinances call for an increase of one 
size regarrjless of size, which is manifestly foolish, as it permits increas- 
ing 2-inch to 2 J or 3-inch on any type of job, and this is known to be 
inadequate in any but southerly latitudes. The velocity of air up 
the line is, of course, higher in tall buildings than in low ones; hence, 
in them, more moisture is carried through any given opening, and 
the theory of increasing large pipe at the exit is based on the assump- 
tion that smaller openings would, as a result of this excess of moisture,. 




Pig. 148. Vent Pipe Increased In Size 

Before Passing through Roof, to 

Prevent Closure by Hoar Frost. 
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Fig. 149. Pipe Flashing Capped with V* 

Ring of Lead and Providing Egress 

for Warm Air from Attic. 



be closed by frost. The great amount of warmth over large buildings 
must often, however, be considered as reducing the chances of closure 
by hoar frost. In tropical climates, no increase of any size is necessary. 
In southerly temperate latitudes, no special attention is given precau- 
tions against hoar frost, beyond in- 
creasing the size of small vents to at 
least 4 inches in diameter. 

Flashings. There are patent 
devices for flashing around pipes, 
usually made of copper; but the 
plumber will do well to command 
the skill necessary to manipulate 
sheet lead to suit conditions as he 
finds them. In any location where 
warm air will always be seeking an 

outlet from the attic through chance openings, the sleeve of the flash- 
ing may be made two to four inches larger than the outside diameter 
of the vent, and capped with an annular V-ring of lead in the manner 
shown in Fig. 149. The cap ring need only be tacked to the sleeve with 
solder. The top edge of the sleeve should be notched or some other 
provision for air-exit made, so as to insure constant changing of the 
air in the sleeve. If, on account of braces or projections necessary 
to hold the pipe rigid where it passes through the sheeting, it is 

inconvenient to let the sleeve extend 
below the sheeting as shown in the 
engraving, it may terminate at the 
roof line. If the building is a 
storage warehouse, or for any reason 
the attic will not be very warm, or 
conditions are in favor of cold air 
being drawn in through chance open- 
ings in winter, then the method of 
Fig. i.so. Pipe Flashing Packed with Felt flashing and packing the slccve with 

or Mineral Wool where It Is Desirable - i, . i i i . -r^. 

to Conserve Warmth In Attic. felt or mmeral wool as shown m r Ig. 

150 should be employed. In all 
cases the vent and flashing must rise above the possible snow-level 
for flat roofs. The snow-level on a steep roof will be less, but drifts 
may obstruct the vent if left at the snow-level. Some latitude for 



Felt or 
ineral Wool 
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settling of the roof under the weight of snow and ice, and for expan- 
sion of lines supported by brick piers or other supports far below 
the roof-level must be allowed in fitting flashings. If they are too 
closely drawn or capped, trouble will soon follow. 

To develop the pattern for a tapering sleeve for a vent for a flat 
or nearly flat roof, draw, as in Fig. 151, AT F at random; set ofi AB 
equal to the altitude of the sleeve; then AC from A, perpendicular 
to AB; then BD from B, parallel to AC; let AC equal half the diam- 
eter of the sleeve at the top, and BD half the bottom diameter; then 
cut CD with a line crossing XY. Lines AC, CD, DB, and BA now 
outline half the elevation of the sleeve at the center. Next, with the 
intersection ot XY and CD projected {X in the diagram) as a center, 

describe the arcs EF and 
GH. On EF, set ofif the 
circumference of the base of 
the sleeve JK (twice BDX 
3.1416 equal circumference, 
which is equal to 6 radii or 
6 times BD stepped on arc 
EF with the dividers), and 
then indicate JX and KX. 
This develops the net pat- 
tern, and it remains only to 
add the necessary working 
edges to get, when cut out 
and formed up, a sleeve of the exact shape and dimensions required. 
The development of a tapering sleeve for a pitched roof by 
strictly geometrical methods, is so intricate, and the springs and 
pitches of roofs so varied, that the plumber usually ignores — and is 
generally sensible in doing so — the true methods of cutting out such 
flashings. Lead is pliable, and flashings for pitched roofs can be 
roughly laid off as follows, and then worked and trimmed to suit. 
The circumference and curvature of the top edge and lines of the 
ends can be joined, are obtained by full-size diagrams in the saine way 
as for a sleeve for a flat roof, shown by Fig. 151. The circumference 
of the top edge is, in this case, set off on GH, because the bottom, 
corresponding to JK, is unknown. The elevation ABCD is made 
just as though a sleeve was to be made for a flat roof, with the taper- 




No. 151. Development of Pattern for Tapering 
Sleeve for Vent on a Flat Roof 
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ing side equaling CD, Fig. 152, which should be laid out to represent 
the elevation of the sleeve desired. The pattern diagram (Fig. 151) 
should be so drawn as to throw line XCD about the center or neck of 
the pattern, so as to bring the seam on the low side and thus present 
solid metal to the flow of water down the roof. The line of dots 
marked Z in Fig. 151, approximately outlines the bottom of the 
pattern, though the actual curves would be more or less pronounced, 
according to the pitch of the roof. The cross-mark guides by which 
to draw the bottom of the flashing, are seldom more than five in 
practice, and their positions are determined in this way: JX and 
KX of the pattern diagram are ex- 
tended and set off from the 6? H line. 
Fig. 151, equal to XK, Fig. 1 52. This 
gives the actual seam length for the 
low side of the flashings, as would be 
indicated if XJ and XK, Fig. 151, 
were actually extended to cut the 
extremes of the guide line Z. CD of 
both the elevation and pattern dia- 
gram being equal, CD, Fig. 151, equals 
the length of sleeve in the neck or 
upper side. For the length of sleeve 
at the sides, half way between the 
neck and seam, produce dotted line 
X^ y. Fig. 152, parallel to CZ, to a 
point where it will intersect the roof- 
plane at the center of the pipe space, 
the required side lengths of sleeve, and may be set off on the pat- 
tern diagram by projecting radii from X, cutting the pattern mid- 
way between C and the seam lines, and setting ofif the distance 
XK^ on these radii, measuring from the GH line. These points are 
sufficient for approximating the bottom contour generally. When 
formed up, the bottom edge can easily be snipped into a plane. 

Trap Ventilation. Needless multiplication of soil and vent connec- 
tions is undesirable, but certain principles must be carried out to secure 
aperfect job. These haveoften been curtailed by the extremistsof one 
class, and at expense of the quality of work. It is the extremists who reg- 
ulate progress and keep things at a reasonable mean. The extremists in 




No. 152. Elevation of Tapering Pipe- 



Sleeve for Pitched Roof 
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K}X will then be equal to 
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progression would drag us into practices perhaps unsafe; while their 
opposites, derisively termed "old fogies," hold us back, sometimes on 
untenable ground. The result is that the conservative element is 
the safest class to follow; it neither discards a well-tried method 
nor embraces a new one, without good reason to sustain the action. 
As before intimated, the change in character of buildings and 
mode of life has necessitated a maze of pipe work in some buildings, 
which to the uninitiated looks like a senseless network thrust on the 
owner to the pecuniary gain of the plumber. This is not the case, 




Fig. 158. Common Form of Crown and Stack Ventilation. 

as every plumber well knows; and he can easily disarm this type 
of creduality by being well versed in the philosophy of his business. 
The familiar cry that crown ventilation* of traps destroys the 
seal by evaporation, is often but the echo of the voice of a man with 
an axe to grind. The deep-seal trap costs but a trifle more than the 
ordinary. There are also positive mechanical means — comparatively 
cheap, too — of protecting a vacant or unoccupied house against 
sewer air. In occupied houses, there is no chance for traps to lose 
the seal by evaporation; and, when properly piped, the evaporation 
of seals does not take place so fast as might be supposed. The crown 

♦There is an increasing disposition i<y substitute continuous ventilation for crown 
ventilation. 
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vent is merely, or should be, to keep the water from being siphoned 
out of the trap. It b the practice of making the crown vent do duty 
not only as a siphon-preventer but also in the capacity of a stack vent, 
that has created the impression as to rapid 
evaporation. 

If we bring a branch waste to a fixture 
just as though it was to be a "dead-end" con- 
nection, and then put in a liberal crown vent 
continued to the roof, as shown in Fig. 153, we 
have filled the letter of most specifications, be- 
cause we then have crown ventUatum and stack 
ventUaiion. But this is not the spirit of the 
work specified, nor is it up to the standard of 
intelligent workmanship. The current to the 







Fig. 15*. Crown Veoi suck 

and Waste Stack SUnd- 

lug Close Together, OiT- 

lnR l,.oop Eneci la 

Pipe VeDtllMlon. 



roof pisses up the trap leg, and thence through the crown vent directly 
to the open, being brought on its way in close proximity to the seal of 
the trap; and it is no cause for wonder that such a connection would 
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rob an ordinary trap of its seal within a surprisingly short time, if the 
fixture is left unused. This is the type of installation found in the 
wake of speculative builders, scrimping plumbing contractors, and 
ignorant or unscrupulous journeymen. Many examples of this 
double-duty vent pipe are seen, in which the workman foresaw the 
result to some extent*, and, in attempting to counteract the supposed 

ills of evaporation, made the vent useless 

as a siphon-preventer by connecting the 

vent 10 inches or more below the crown 

of the trap, as shown in Fig 154. The 

proper way is to make both the waste and 

the crown vent branches from othfir lines. 

Of course, if it is the top fixture, or there 

is only one on the line, the waste stack 

may end in the beginning of the vent 

stack or connect into the vent stack, as in 

Fig. 155, according to circumstances. The 

main current goes by the most direct route 

— up the main waste and vent stacks of 

i-i /^Wj the string. If the crown vent and waste 

I (a W^ stacks stand close together, as in Fig. 156, 

- — rS-j we have the loop effect before spoken of; 

and with the fixtures near the stacks, the 
waste and crown-vent connections are 
both short — ^which is proper. It is poor 
practice to have the stacks far away from 
the fixtures, because one is then likely to 
fall into the error of allowing the crown 
vent to act also as a direct line vent for 
the branch waste. This plan is such a short-cut to accomplishing 
the work of roughing-in, that the temptation to err is great. If the 
waste stack cannot come near the fixture, then follow the loop 
principle, and turn up and into the vent stack, branching the trap 
into the waste branch, and taking the crown vent into the vent 
stack, as shown in Fig. 157, or into a vent continuation of 
the branch waste, as preferred. If neither main stack can come 
near the fixtures, then loop out from the soil or waste stack to 
the fixture, and back into the main vent, leaving enough upright 




Fig. 157. Method of Securing Loop 

when Waste Stack is not 

Near Vent Stack. 
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pipe at the fixture end of each loop to branch the waste and 
crown vent into, as illustrated in Fig. 158. In this way, half of the 
branch loop acts as a waste, and half as a vent, and there is ventilation 
through the soil or waste branch part 
without continually pulling the air into 
juxtaposition with the trap seal. Also, 
the local branch waste to the trap and the 
crown vent pipe are thus permitted to be 
as short as desired. 

To avoid separate stacks for scat- 
tered fixtures, what is termed the contin- 
uous system of soil pipe is frequently em- 
ployed when practicable. This means 
offsetting the main so as to be able to in- 
clude all the fixtures of a toilet-room 
without making long branch wastes. If 
vent lines are also offset in this manner, 
some provision for water-washing the off- 
set should be made, as the products of 
corrosion or other foreign matter might 
otherwise fall into and choke the bend at 
the foot of the upper vertical part. Espe- 
cially is this true when plain wrought 
pipe is used. Lavatory wastes are gen- 
erally used to wash vent lines in such 
cases. 

Some ci^ ordinances permit the 
':x>ntinuous system practically without 
vents, merely requiring the fixture con- 
nections to be not over 3 feet in length, 
and requiring either vents or non-siphon- 
ing traps where the stack cannot be 
brought within reach of the 3-foot limit 
placed on branch connections. 

A plan of offsetting, some modification of which may be used in 
any kind of system, is shown in Fig. 159, which makes plain the work 
of offsetting soil waste and vent lines without incurring the risk of 
having trouble with the vent pipe sooner or later. It provides for 




re Near the Fixture. 
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throwing the corrosion of the vent line, both above and below the off- 
set, into the soil line, where it will be washed into the sewer by the 
water dischai^ed from the closets and other fixtures. By simply 
offsetting the vent line, the corrosion from the pipe above the offset 
will fall into the bend, drift out into the horizontal part slightly, and 
finally choke up the horizontal vent altogether. As shown by the 
engraving, commencing with the main soil line at the first fixture, 
a branch line is made, and the branch then becomes the main soil line, 
leaving the vertical part for the vent. Next comes the offset, and 
after that another 
branch line for soil 
fixtures, again leav- 
""* ing the vertical pipe 
- for the vent, so that 
whatever falls down 
the vent, either' 
above or below the 
offset, lands in the 
soil pipe and is car- 
ried away with the 
water. With this 
arrangement, the 
only possible 
chance for the vent 
to clog with corro- 
sion is in the hori- 
zontal part of the 
vent offset. What 
corrosion takes 
place in a piece of horizontal pipe, is not sufficient to warrant con- 
sideration in itself. There is no other corrosion to be taken care of, 
except that which forms in the few feet of vertical pipe between A and 
B, which will not be enough to restrict materially the area of the 
pipe. It is best to make the piece of pipe between A and B as short 
as possible. 

With the continuous system, several offsets, simple or more or 
less complex, as shown in Fig. 150, may lie necessary in the same 
stack, according to location of fixtures and the scheme of venting and 
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trapping. Fig. 153 shows a group of fixtures piped diametrically 
opposite to the continuous stack idea. The main stack does not 
deviate in favor of odd fixtures. Regular open wall-traps are used. 
The crown vents are assembled into one stack, and carried up inde- 
pendently or into the stack above the highest fixture. As before 
stated, the plan shown in Fig. 153 is faulty in that it favors evaporation 
of the trap seals by putting the extra duty of a line-vent current on 
the siphon or crown-vent branch. 

Anti-siphon traps often simplify ventilation problems, especially 
in awkward situations where it would be very difficult to vent a fixture 
properly with pipe. Fig. 160 illustrates an example of this kind, in 
which non-siphon- 
ing traps are used 
on bath and lava- 
tory without any | 
form of crown or 
branch line vents. 
In good practice, 
bath traps are 
placed convenient 
to reach, having 
screw-top h a n d- 
hole with cover in 
full view 
floor-level. 

Soil Stacks. The size to make a soil stack is largely a matter 
of opinion. There are examples of 10-inch stacks serving 40 
closets with the usual complement of lavatories and urinals. There 
are also instances where as many as 75 closets and numerous 
other fixtures all discharge into a 5-inch stack which has 
never given any indication of being too small. Although com- 
mon usage requires a 4-inch soil stack, there seems little ad- 
vantage in adhering to this dimension in small and simple 
installations, ^^^len the plumbing was designed for the city of 
Pullman, 111., more than twenty years ago, 3-inch soil stacks were 
used for small dwellings, and in some cases they were placed in a 
party wall, so as to afford service for two adjoining houses. The 
plumbing regulations of Washington, D. C, have allowed for some 




at the F\g. 160. Antl-Slpboninff Traps Dlsi>ensing with Necessity for 

Vent Lines. 
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years past the construction of 3-inch soil stacks for dwellings having 
only a single bathroom, and the practice has been justified by favor- 
able results. When it is considered that the outlet of a closet is 
rarely more than 2J inches in diameter, it appears that a size smaller 
than 4 inches is often allowable. 

The size does not increase with the number of fixtures. Very 
few of a hundred closets in a building would ordinarily be flushed 
simultaneously. A 5-inch stack would answer well for 100 closets 
in a tall building where the toilet-rooms are superimposed, as shown 
in Fig. 161, w^hich outlines the soil, waste, and vent pipes of several 
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Fig. 161. Showing Layout of Soli, Waste, and Vent Pipes of Several Groups of 

Superimposed Fixtures In Same Building. 

groups of fixtures, rain-water leaders, etc. If the same number of 
closets were at one elevation, and the fall only moderate, common 
sense would dictate a 6, 8, or 10-inch line, with 4-inch fixture branches. 
The velocity with which the water will flow away should be a 
prime factor, but sizes in soil and waste pipes are far more a matter of 
empiricism than in supply work. A soil pipe not too large is self- 
scouring in a sense. This point is erroneously argued in favor of 
small waste pipes. If a soil pipe too small for the duty should be 
installed, ordinary usage would develop the fact quickly. But in a 
waste outlet, where grease is likely to accompany the wate/, a pipe 
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large enough to cany the waste easily when the pipe is new, may be- 
come choked after a considerable period of time, and merely because it 
is of the size so-called "self-scouring." A house line which may be 
much too large for the waste will be likely to choke from floating 
matter adhering to the sides above the water line until overhanging 
ridges are formed that break down in the channel. Being too heavy 
for the water to push along, this matter acts as a dam, and complete 
stoppage soon results. This is why large sewers are built with elliptical 
bottom section. Having variable flows to take care of, the depth of 
water produced by ordinary usage cleanses the conduit, and keeps it 
in much better condition than if round conduits of the same capacity 
were employed. 

Slope. With due respect for appearance, all the fall possible 
should be given lateral soil and waste lines. About y'g inch to the foot 
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Fig. 102. Trap-Screw Ferrules Installed at Intervals to Facilitate Cleaning of 

Drain Pipe. 

(one degree) is taken as the minimum. With cast pipe and leaded 
joints, much more than this can be given, by gaining change of direc- 
tion in setting the joints. With screwed fittings for wrought pipe, tap- 
ped, pitched one degree from the nominal angle, less latitude to vary the 
fall is offered. Considerable variation is possible, however, by cutting 
pitched threads on the pipe. In positions where the cutting of one 
pitched thread entails the work of cutting another with the pitch 
just opposite that of the first in order to follow the perpendicular 
again, the work is irksome and is seldom resorted to. Cast fittings, 
threaded, for drainage work, are recessed in the ends, so that, when 
screwed on the pipe, the pipe and interior of the fitting are of the same 
diameter, thus presenting no jbg or broken edges to favor stoppage. 
Stoppage of drains of any kind is likely from many causes; and during 
installation, trap-screw ferrules, or tees with brass plugs, according 
to the kind of pipe being used, should be provided along the line, as 
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shown in Fig. 162, so as to make the work of cleansing as convenient 
and inexpensive as possible. 

Sizes of Soil and Waste Pipe. The usual sizes for soil 
and waste work are: 5-inch for ordinary house main (horizon- 
tal); 4-inch for 1 to 4 closets; 
5-inch horizontal branch from 
5-inch stack for a battery of five 
or more closets; 5-inch stack for 
any ordinaiy number of fixtures; 
main vent stack, same size as 
soil-stack; loop vent, same size as 
stack; crown-vent stacks, 2 or 
3-inch; slop-sink stacks, 3 or 4-inch; 
closet connection, 4-inch; closet 
crown vent, 2-inch; slop-sink con- 
nection, 3-inch; slop-sink vent, 
2-inch; urinal stacks, 3-inch; uri- 
PiK m Local, venuuuon for Two ^al branch wastes, 2-mcb; urinal 
trap vents, 1 i to 2-inch ; bath stacks, 
3-inch ; bath-waste connection, 2-inch; lavatory wastes, 2-inch. The 
2-inch refers to the size of cast pipe used in the case of lavatories 
and baths; the lead trap and connections of 
thew, and often of other fixtures, are made 
Ij-inch. Small lavatories often have IJ-inch 
waste. The crown vent is usually one size 
less than the trap for all but closets and slop 
sinks. Of late, bath-waste outlets are fre- 
quently made 2-inch, Kitchen-sink stacks are 
made 3-inch; single sinks or branch waste for 
one sink or set of trays, 2-inch, with 2-inch trap 
and Ij-inch crown vent. 

Local Ventilation. A 'ccal vent is a 
pipe leading air from the bowl of a closet 
or through the outlet of a urinal to carry away 
odors with a current of air fed by th^air of the room. In Fig. 163 
are shown two openmgs for urinals where the roughing-in pro- 
vides for local ventilation for the urinal bowls in a way that is 
equivalent to the local vent pipe to a closet bowl. V is a general 
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vent stack, and W the urinal waste stack. Instead of putting in crown 
vents for the traps, the branch waste becomes a vent at the junction 
of the trap branches, and loops back into the general vent stack. 
There is suflScient ventilation in this case for two reasons — the traps 
are close to the line; and the current up the main local vent stack is 
induced and maintained by a fan motor, which, in drawing the odors 
from the urinal bowl, creates more or less suction on the house side 
of the trap seals and counteracts the tendency toward siphonage on 
the sewer side. The roughing-in 
shown, is hid by marble slabs in 
the finished work. 

A section of the marble back, 
with urinal and vent and waste 
connection, is shown in Fig. 164, 
which makes clear what is meant 
by local urinal ventilation. The 
difference between it and local closet 
ventilation, is that as the trap for 
the urinal is not in the urinal proper, 
the current from the room passes 
through the urinal outlet except 
while it is flushing; while in the 
closet the local vent connection is 
made to the bowl above the visible 
water-level, because the trap below 

interferes with connecting it other- pig. las. Locally vented Trapfor Urlnal 

and Floor Drain Combined. 

Wise. 

Another plan of local-venting a urinal is shown in Fig. 165, in 
which the urinal trap answers as a trap to the floor drain as well, and 
the local-vent current passes down through the grating of the floor- 
slab drain and up through the urinal waste to the point where the 
urinal proper connects. Between the trap and urinal connection, the 
pipe is a waste and local vent combined, its continuation above the 
urinal vent connection being simply a local vent pipe, the area of 
which being equal to the combined area of the urinal outlet and floor- 
slab grating, a current also passes from the urinal bowl through its 
outlet into the local vent pipe. The only fault to be found with this 
arrangement is the abnormal distance of the trap from the fixture, 
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which, however, is of little consequence so long as the means for pro- 




ducing a current in the local vent stack is doing its duty. Fig. 1G6 
shows the openings left for a battery of closets that are to be set on a 
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tile floor. The uprights connect into a branch soil line below. The 
illustration is given to show a system of venting which can be used 
with closets that do not permit of crown venting. 

Local vent stacks are round or rectangular, and are made of 
galvanized sheet iron. Unlike the soil or supply pipe system, the 
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Fig. 168. Plan of Complete Installation Shown in Part in Fig. 167. 

stack system is made proportional; that is, the area of the stack at 
any point is an approximation to the aggregate area of all the vent 
branches that have been connected into it up to that point. The 
local vent stack is sometimes carried into the same shaft which 
incloses the smoke-pipe from the boilers. In other cases it is connected 
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with an exhaust fan driven by power, usually supplied by an electric 
motor, thus insuring a constant air-current. Bowl or local ventilation 
is not generally installed in dwellings. The closet does not receive 
such frequent usage in private 
houses as in larger buildings such 
as hotels, offices, etc.; and in the 
smaller structures there is no hot 
flue that can be depended upon for 
purposes of aspiration. If led to the 
open air, the vent will act veiy well 
in warm weather; but during the 
winter months it will be likely, 
through reversal of the current, to 
bring in cold air and disseminate 
the odor through the apartment. 

Soil Pipe and Fittings. Under 
the head of specialties, many forms 
of patented soil-pipe traps and fit- 
tings have been placed on the mar- 
ket from time to time, with a view 
to lessening tabor and cost and 
simplifying the work of rougbing-in 
for plumbing fixtures. Of these, a 
singular instance of the use of one 
type will be noticed. Fig. 167 illus- 
trates a well-known line used in 
roughing-in for the toilet-rooms of a 
double-flat building. Being drawn 
in perspective, the function and 
merit of eveiy fitting shown is self- 
evident. Fig. 168 gives in plan 
view the roughing-in shown in Fig. 
167. The location of the fixtures 
on the floor below the plan of 
piping, is indicated in solid lines by a, b, and c. On other 
floors, corresponding fixtures for the stack shown, are of course 
superimposed as a matter of economy and convenience. Fig. 169 
is a broken general view of the waste and vent stacks for the laundries 
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and kitchen sinks of the same building, the roughing-in work and 
some of the fixtures being shown. The regular standard soil-pipe 
and fittings can be made to answer for any case, although incon- 
venience and 




There are several wei^ts of soil pipe and fittings used, varying 
with the building or with the requirements of city or state sanitary 
laws, etc. The weight known as standard is sometimes used on 
buildings under four stories in height, and 
for vent pipes and soil-pipe extensions above 
the highest fixture. Extra heavy pipe and 
fittings are used in tall buildings and in 
most ordinary work, for all soil and waste 
purposes below the highest fixture. The 
standard length of soil pipe for all diame- 
ters, is five feet, exclusive of hub. 

Fig. 1 70 shows a regular single-hub length. 

Fig. 171 represents the double-hub length 

employed to avoid the use of double-hub 

fittings and extra joints where less than full lengths are required 

in cases where the cost of regular extension pieces wouW exceed the 
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price of double-hub pipe. Fig. 172 is a quarter-bend with double 
hub. It is of the long-sweep or long-radius pattern. The whole list 
of standard regular fittings is made in the long-radius pattern. They 
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should be used where possible; but the shorter-radius type, corre- 
sponding to that shown in Figs. 173 to 180, b most generally employed 
because the httle room available enables the plumber to lay lines in 
I places where cramped con- 
ditions make the use of the 
long radius impossible. 

One-sixteenth, one- 
eighth, one-sixth, one- 
fourth, and return bends 
Fig. in. single Y. embrace the regular list of 
■urv,asi.3uii-ritw. soil-plpc bcnds, giving a 

range in angles from 22J to 180 degrees in the same plane; and, by 
winding them, giving a twist to the joints, almost any angle with the 
original direction can be obtained. 

A wider range of bends is offered in the recessed and threaded 






Fig. ITS. Double Y'BroDch. 



cast-iron drainage fittings for use with wrought pipe. Omitting the 
pilchcd ells and tees for regular fall, 5| degrees is the most obtuse 
fitting regularly made. 

The return bend for cast soil-pipe is represented by Fig. 176; 




. Quarter- 





single y, by Fig. 177; double Y-branch, by Fig. 178; sanitaiy tee, 
by Fig. 179; and the double sanitary tee, by Fig. 180. The tee and 
double tee shown are known as the sanrtary pattern, on account of the 
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Fig. 184. Double Y- 
Branch with Trap- 
Screw Clean-Out. 



Fig. 185. 



Bolted-Plate Cleau-Out 
on Soll-Plpe. 



curved branches, which direct the flow in the pipe line somewhat in 
the same manner as does a Y-connection. Common tees and crosses 
are made in strictly right-angle branches. The J-bend is also made 
with right and left 
side-outlet, as indi- 
cated by Fig. 181 ; 
and with heel-out- 
let, as shown in 
Fig. 182. Tees, 
crosses, and Y's 
can be had with 

side outlet as shown at 6, Fig. 183. These auxiliary openings, while 
always termed outlets by the trade, are in fact inlet branches. Long 

branch fittings, with a branch equivalent to a Y 
and |-bend connection, are also made. 

Offsets may be had to offset the pipe as little 
as half of one diameter, and up to six diameters. 
Any of the standanl branches can be had with 
trap-screw clean-out, as shown at a. Fig. 184. The 
bolted -plate clean-out, indicated in Fig. 185, is 
undesirable, as the cover can rarely be securely 
replaced when removed for purposes of cleaning. 
A series of cast soil-pipe fittings are made with 
branches threaded for wrought pipe, as shown in 
Fig. 186. These meet the demand for a means 
of easily connecting wrought vent-pipes to a cast-iron pipe line. 
Similarly, combination lead and brass soldering nipples threaded 
for wrought pipe are now carried by supply houses, the lead 




Fig. 186. Cast SoU- 
Tipe with Threaded 
Branch to Connect 
to Wrought Pipe. 





Fig. 187. Combination Liead and Brass 

Soldering Nipple Threaded 

for Wrought Pipe. 



Fig. 1 88. Combination Lead 
and Iron Ferrule, "Ray- 
mond" Type. 



being furnished straight, as shown in Fig. 187, or in the form of 
a quarter-bend. These are very convenient for use with wrought 
vents, and are equivalent to the regular combination lead and iron 
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ferrule, shown in Fig. 188, which can be used with cast pipe by 
calking-in. This combination ferrule, the "Raymond", is often 
prohibited as it is sometimes damaged during the process of calking; 
and sometimes the outer covering is burned through in running the 
joint. Some lead is generally desirable in a fixture connection as it 
is the surest means of providing shrinkage and settling. The lead 
should be surrounded with a sheet-metal (iron) band in a way to 
prevent rats and mice from knawing through the lead. 

Brass ferrules for calking-in make a better job than lead and 
iron; when used, a piece of lead should be wiped on, which is often 
inconvenient; and both ferrule and work are more expensive. 

The recessed or hub ferrule shown at b, Fig. 189, is a good form, 
but the stock length brings the increase in diameter necessary for 




the recess close to the face of the hub of the fittmg makmg it 
very difficult to yarn and calk, even before the lead pipe is wiped on; 
and as these joints are usually wiped before the ferrule is calked in 
place, it is difficult to make safe joints where they are used. The 
forms of brass ferrule generally used are shown at c and e. Fig. 189, 
the lead end of e being contracted for use with I|-inch pipe or less. 
Soil-Pipe Joints. A section of a soil-pipe joint is shown in 
Fig. 190. The materials used in making these joints are good, 
clean hemp or oakum, with melted lead poured in and afterward 
calked. The packing to support the lead should be of uniform 
strand, e\'enly twisted. When a joint is made with pipe cut to 
length, the bead having been cut off the spigot end, care must be 
taken to pack the yarn uniformly tight without driving it through 
into the bore of the pipe, and in a way to keep the spigot end 
in the center of the hub space so as to get a imiform thickness 
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of lead on all sides. As an extra precaution in difficult places, 
the packing is sometimes dipped in linseed- oil, and then wrung as 
dry as possible, before yarning a joint. This gives almost positive 
assurance that the joint will not leak water. 
Likewise, shavings of sperm candle whittled in 
on top of the yam before pouring the lead, pre- 
vent water leakage. 

Some plumbers pour in just enough lead to 
make a ring around, and calk it down reasonably 
tight on top of the yam, before pouring the hub 
full. Unless very little yam is used, this does 
not leave a solid ring of lead deep enough to in- 
sure the best joint; and if too little yam is em- 
ployed, there is danger of the lead buming its 
way through into the pipe. This method is 
therefore undesirable in either case. 

Care should be taken before pouring a joint, to see that no threads 
of yam are standing above the face of the hub; otherwise a leak may 
result from stray threads protmding. Becoming charred by the heat 
of the lead, they soon leave a tiny hole through the lead, from which 
trouble results. No matter what the position of the joint, the entire 
charge of lead to complete it should be poured at one time, and the 
lead should be hot enough to insure a true union of the meeting edges. 
If the pipe is large or the weather very cold, it is better to warm the 
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g. 190. 
Soil-Pipe Calked 



Section of 
Joint. 
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Fig. 191. Good Type of Closet Floor- 
Joint. 



Fig. 192. Secnre Tyve of Floor- 
Joint, for Closets which can be 
Revolved about the Ontlet. 



hub in order to insure the flowing edges uniting, than to risk pouring 
the lead so hot that it may bum through the packing. 

It is a matter of opinion, whether or not a joint should always be 
calked while it is hot. If the pipe is heavy enough to stand it without 
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cracking the hub, it can make little diflference whether the joint is 
calked hot or cold. If the pipe is light, a hard calking while the 
joint is hot and the hub expanded may cause splitting of the hub 
when it contracts from cooling. The best plan appears to be that of 
driving down the lead reasonably tight while it is hot and therefore 
softer than when cold, at which time it will give and adjust itself to 
the irregularities of the hub and spigot. Then, a little later, calk 
twice around with a thin-edge tool, driving the lead into contact with 
the spigot surface on one edge, and against the inner hub surface on 
the other. 

Floor Joints. A closet floor joint of good type is shown in 
Fig. 191. In this joint, a bevel-edged brass floor-plate is screwed to 
the floor and well soldered to the end of the lead bend, as indicated. 
The floor-plate has slots for the closet bolts, so that any variation in the 
position of the bolt holes in the flange of the closet pedestal will not 
cause trouble when aligning the bolts, as they can be slid along in 
the slots of the plate to the required position. Common putty, 
plaster of Paris, or hydraulic cement may be used instead of a rubber 
gasket; but the latter two materials make it diflBcult to remove the 
closet from its setting, and there is always risk of breaking the flange 
if the pedestal has to be moved for any reason. 

A secure type of joint, introduced a few years since, is shown 
in Fig. 192. This connection is well suited for such types of closets 
as can be revolved about the outlet, but cannot be used with closets 
where the outlet is well toward the rear of the fixture 

TRAPS 

Traps are made in many fonns, none of which combines every 
desirable feature. A trap with vertical drop at the inlet is considered 
best for the main intercepting trap, as it allows the incoming water 
to break up the scum and floating matter so that it will be carried 
out promptly by the flow. This form also presents a diflBcult place 
for sewer rats to climb, and is therefore favored for that reason also. 

In regular fixture traps, open-neck bends, and the least surface 
possible, are favored. The Y and ^-bend connections in one fitting, 
and other fittings combining the virtues of the open bends of long- 
radius fittings, are used merely because they offer little chance of 
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stoppage; but traps should have every part exposed to view in order 
to betray leakage. Tide-water traps are usually nothing more than 
simple, large, swinging check-valves. Some intercepting traps are 
provided with a swinging check. The tide-water feature is necessary 
only when high water or tides are likely to raise the water into which 
the sewer discharges so as to flood the cellar through fixture openings. 

Siphonage. Traps introduce into plumbing the element of 
siphonage. This may be normal and desirable, as in the case of 
closets which discharge their contents by siphonic action, but unde- 
sired siphonage in fixture traps, and the means of preventing it, are 
prime factors in every plumber's work. 

Ordinary siphonage can best be illustrated by a few simple 






Plsr.193. U-Tube 

with Legs of 

Equal Length. 



Fig. 194. U-Tube 
Inverted. 



PljDf. 196. Inverted U- 

Tube with Legs of 

Unequal Length. 



diagrams showing the principles involved. In Fig. 193 is shown a 
U-tube with legs of equal length, filled with water. If we invert 
the tube, as shown in Fig. 194, the water will not run out, because 
the legs are of equal length, and contain equal weights of water, which 
will pull downward from the top with the same force, tending to fonn a 
vacuum at A. Cohesion of the particles of water, together with equal 
atmospheric support of the water at the open ends of the tube, prevents 
any appreciable void space when the U is of short length. If one of 
the legs is lengthened, as in Fig. 195, so that the column of water is 
heavier on one side than on the other, the water will run out. The 
atmospheric pressure being practically equal on both legs, the greater 
weight of the water in the long end, through cohesion, pulls the 
water in the shorter tube up over the bend, in much the same 
way as an imbalanced chain would run over a pulley. The columns 
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of water in the tube in this case may be likened to a piece of rope 
hanging over a pulley ; when equal lengths hang on each side, it will 
remain stationary; but if one end is longer and therefore heavier 

than the other, the whole rope will be drawn 
over by the longer and heavier portion. 

If the short leg of Fig. 195 be dipped in a ves- 
sel of water, as shown in Fig. 196, we then have 
the conditions necessary to form a conmion 
siphon. The atmospheric pressure, which be- 
fore acted on the water at the bottom of the 
short leg of the tube, now becomes operative on 
the surface of the water in the vessel, and the 
flow through the tube will continue until the 
water-level in the vessel falls slightly below the 
end of the tube, admitting air and breaking 
the siphonic action. Gravity acts proportionally on the water of both 
legs of the U during siphonage, and the point of tension is therefore 
at the highest point of the bend. 

If the bend should be pierced at the top, air-pressure would be 
established at both ends of each leg, and gravity would instantly 
empty the short leg into the vessel. It is in this manner that a crown 
vent to a common fixture trap breaks the flow and throws enough 



Fig. 196. A Common 
Siphon. 





Fig. 197. Trap Fulfilling Siphon- 
age Conditions. 



Fig. 198. Siphoning of Trap 
Broken by Crown Vent. 



water back into the body of the trap to preserve the water-seal. Fig. 
197 shows the principle of Fig. 196 applied to the trap of a plumbing 
fixture. If the bowl is well filled with water, so that when the stopper 
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is removed from the bottom, the waste pipe for some distance below the 
trap will be filled with a solid column of water, siphonic action like 
that just described will take place and the trap will be drained. A 
suflBcient amount of water runs down from the fixture and sides of the 
pipe above the trap to partially provide for the seal, its full restoration 
being assured when a crown vent is used, by water being thrown back 
from the short leg of the siphon (center leg of the trap) as shown in 
Fig. 198. 

The direct action of the water of a fixture 
in breaking its own trap seal by siphonage, is 
called self-siphonage, A more common form of 
trap siphonage in defective work, is where two or 
more fixtures connect with the same waste pipe, as 
shown in Fig. 199. In such cases, the seal of the 
lower fixture is more apt to be broken by the dis- 
charge of the upper. The falling column of 
water leaves behind it a partial vacuum in the soil 
pipe; and the outer air tends to rush into the pipe 
through the way of least resistance, which is often 
through the trap seal of the fixture below The 
friction of the rough sides of a tall soil-pipe, even 
though it be open at the roof, opposed to the 
flow of air through it, will sometimes offer more 
resistance than the trap seals of the fixtures, with 
the result that the se^ls are broken, and gases 
from the drain are free to enter the building. 

Kinds of Traps. The kinds of fixture traps 
are innumerable. They can be divided into two 
general classes — those that seal with water only, and those that have 
a mechanical seal as an adjunct to that of the water. These may 
be again divided into plain and antisiphoning classes. 

The trap having no concealed partitions and with all its walls 
exposed to view, is best. If the water leaks through the wall, its 
defectiveness is evident, and the annoyance from the leak suggests 
repairing. 

Of the simple waterseal fixture traps, the open-walled drawn 
lead is used for ordinary work. It can be had with equal-length arms 
«r wuth extended inlet or outlet, so as to reach from fixture to floor or 




Pig. 199. Two Un- 
Tented Fixtures Con- 
nected toSame Waste 
Pipe, Causing Self- 
Siphonage. 
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wall without a piece of intermediate pipe. The form shown by full 
lines in Fig, 200 represents a full "S" pattern. When the ends are 
bent as per dotted lines A and C, the trap is called a running trap; 





Fig. 200. "S". Pattern Trap. 
when the ends are at D and C, it is said to be a kalf-S or P trap; 
when the ends are set as at Z) and E, it is called a J-S trap. F is a 
clean-out screw for emptying and cleansing. The distance represented 
by X should, in a trap for ordinary purposes, be J to 2 inches, according 
to size. Frequently this distance, which constitutes the water-lock, 
is much reduced ; and sometimes the trap is unsealed by the plumber 
stretching its bends in order to reach some faulty roughing-in. 

In buildings where the plumbing may be left unused fot weeks 
from time to time, as is likely in rente<l houses, deep-seal traps, or 
those with mechanical seals also, should be 
used. This point is not so important in de- 
tached houses or those rented to one family 
only at a time, since, when a family moves 
out, there is no one to suffer. But in flat 
buildings, where some of the flats may be 
vacant for a time sufficient for an ordinary 
seal to be broken while other families are 
living in the house, deep-seal traps are more 
essential. 

Fig. 201 shows what is termed a bag 
(rap, made to bring the inlet and outlet in the 
same vertical line. These traps are inter- 
changeable with any others with straight-line outlet — for instance, 
as shown in Fig. 204. 

An open-wall tr»p partly cast and partly tubing, generally made 




PLUMBING 



193 




ir Pol Trap. 



of brass, is shown in Fig. 202, tlie vent connection to wall being at A. 
This form of trap generally has a swivel-joint at B, which is Iielow the 
water line, so that the body may be awiveled to meet roughing-in 
openings in any direction within two diam- 
eters of the line of fixture outlet. The bag 
form shown is most convenient for D-shape 
or standing waste bowls which present the 
outlet comparatively near the wall. The 
regular "S" of this type suits bowls with 
center outlet, and will reach a wider range 
of variation in roughing-in. 

Fig. 2ffJ shows a common lea«I drum or 
pot trap, most convenient to the plumber. It 
is furnished without openings, and the plumber makes bends, and 
wipes-in his intet and outlet at points in the circumference most con- 
venient to reach the fixture opening. ,1 is the screw-top clean-out; 
and B, the wrench-face for turning it. 
The trap is furnished, when desired, 
with nickel-plated brass flanged cover, 
as shown at C, to screw on at the floor- 
level. F is ordinarily the outlet, the 
inlet being wiped-in near the bottom 
to give it the water-lock. This is not 
proper, however, as it puts the sewer 
air against the clean-out cover, which 
might leak gases into the building 
without betraying any evidence of its 
defectiveness by water leakage. To be 
strictly correct, F should be the inlet; 
and the outlet, in the shape of an off- 
set, or that of an inverted F-trap with- 
out the trap-screw, should be wiped- 
in near the bottom in a way to retain 
the proper seal and thus bring the sewer 
air against the water-seal instead of the 
clean-out cover. 
Traps that retain their seals by means of interior weirs are of 
doubtful character, even at their best; none but well-tested cast-brass 
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traps of such a pattern shouM c 




r I>e installed. Fig. 204 is a section 
of a fask or Atlas trap, with vent, 
usually made of cast brass and de- 
pending upon two interior weirs to 
form the seal, one retaining the 
water, and the otherdipping into the 
J water to prevent sewer air from get- 
ting into the house through the fix- 
ture. If the water weir of such a 
trap becomes defective, there is no 
evidence except odors by which the 
occupants may discover it. If the 
dipping weir is defective the value 
of the water seal is nU. In either 

case the trap is no barrier to the admission of drain air to the house. 
Fig. 205 illustrates a form of trap 

suitable for use with baths. It has 

a submerged inlet connection which 

is expanded so that the flow enters 

the trap at a dipping angle which 

produces a swirl with cleansing 

effect. The extension collar A is 

made so that the screw-cover B 

forms the gasket joint below the 

water-level. The method of pro- 
viding the outlet in this trap makes 

it open to the same objection raised 

in connection with Fig. 203. This 

form, however, has the merit of being 

accessible for inspection without dis- 
turbing its service, which is impos- 
sible with the flask pattern shown 

in Fig. 204. 

The lavatory trap shown in 

Fig. 200, has an interior weir as 

shown at A ; but the wall is doubled ^jfi^ ^^""^,^1, 

in such a way as to betray defec- to Betray Leak! 

tiveness bywater leakage. It is made of cast metal, and i, 
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with either glass or metal dome. The strong point claimed for this 
trap is the cleansing effect obtained hy the flange exfen.sion of the 
exit, as shown at A, deflecting some of the 
water, which, together with the swirhng effect 
produced hy the tangential inlet, makes the 
trap self-cleansing. 

Of the traps having a mechanical seal sup- 
plementing the water-lock, Fig, 207 is a specific 
type. The mechanical valve D is a rubber ball, 
lighter than an equal bulk of water, playing in "^^ 
the cup C. It acts by flotation, and presses up 
against the inlet A with a force equal to the dif- 
erence in weight of the ball and the water it dis- 
places. The body is generally made of lead : 

^ . , Fl([. M7. Trap with M©- 

and the cup of class, with screw-ioint and chanicai seai Aciing by 
gasket at F. This trap is proof against back- 
water; and, in case the waste line becomes choked below, will pre- 
vent a fixture from Booding even when others are discharged at a 
higher level. It has, however, several faults that counterbalance its 
merits. The inlet is open to the 
same criticisms that an interior wall 
of any other trap would be; the an- 
nular space at R accumulates filth; 
and the mechanical seal is worthless 
when most neede<i — that is, in the 
, absence of the water-seal. 

Another mechanical seal trap, 
shown in Fig. 208, is the exact oppo- 
site of the previous example. The 
ball sinks by gravity, and effects a 
mechanical seal even when the water 
seal is absent. This trap is not so 
easily siphoned as a plain trap. It 
has a clean-out screw, and can be had 
with vent opening. Air from the 
sewer si<le acts against the clean-out 
cup through which access is had to the ball, and there are inferior 
walls to become defective with little chance of discovery in practice. 
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A combiiietl mechanical and water-seal trap is shown in Fig. 209, 
in which P is a hoHow, flexible ball inclosing a metal ball D', thus 
giving a resilient seating surface that finds its place by gravity in 
water. The arrangement is proof against back-water, and the 
mechanical seal is positive without the aid of water. A represents 
the basin; B, the basin coupling; C, the valve seat; i^, a glass cylinder 
body; and GG, a clamp with thumb-screw G', for clamping the 
cylinder body in place. This trap holds a large amount of water, and 
is not likely to become unsealed from lack of use, as part of the seal 
is protected by the 
and should the 
water evaporate, 
the mechanical seal 
is still eilective. 
There are no in- 
terior walls through 
which the trap 
could lose its seal 
without betraying 
the fact by leakage. 
Generally speaking, 
mechanical seals in 
fixture traps cannot 
be depended upon. 
Anti-siphoning 
.. e —— -— traps are a blessing 

in instances where pipe ventilation is difficult. It would be better to 
have none of them, however, than to attempt to supplant pipe venti- 
lation by their use to any great extent. 

It would be impossible here to consider the whole list of traps 
individually in an adequate manner. What has been said should be 
enough to enable one by careful study to decide each case intelligently 
upon its merits. Many special traps are deserving of more favor 
than is generally shown them. It is the fear of seeming to indorse the 
horde of cheap competitive articles that causes many to ignore alike 
the good and bad. This fear is well grounded. The wolves will creep 
in if the door is opened at all. 

Loss of Traps Seals. Traps may lose their seals in six ways — by 
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waving out, by capillary actiofiy by leakage, by evaporaHon, by siphon- 
age, and — if the use of an unusual term be permissible — by impella- 
tion. The first, with its cause, has been described (see page 163). The 
last, like waving out, is caused by air-pressure, but on the house side 
instead of the sewer side of the trap. It occurs most frequently in 
intercepting traps where the fresh-air inlet has been connected too far 
from the trap, thus allowing heavy discharges of water and storm 
floods to compress the air between the fresh-air inlet and the trap. 
This action is of little consequence when so caused, as there is abun- 
dance of water to re-establish the seal. Its mention, however, suggests 
that a portion of the pipe is left unventilated by connecting the inlet 
too far from the trap. This error is usually made with good intention, 
because the foul-air outlet and 
fresh-air inlet are often made in the 
trap proper and are therefore too -^^ 
close together to pipe to the surface 
d irectly . There is a singular instance 
on record, of a trap having its seal 
broken by pressure on the house 
side — not from pressure of air in 
the pipe, but of that in the room 
into which the trap seal opened. 
This was a water-closet in a tight, 
unventilated compartment in a pri- 
vate house. Odors were often present which no one could account 
for. The job was new and first-class. The house was well built — 
too well. After many others had failed to diagnose the trouble, a 
plumber with some philosophy in his make-up examined the job. He 
stood in the hall, and slammed the closet-room door. It failed to latch, 
the room being so tight that the air-pressure kept it from seating 
on the rabbet of the frame. The door, of course, was instantly thrown 
partly open again by expansion of the air, and the plumber caught 
a glimpse of the water in the closet-bowl bobbing up and down. By 
repeating the experiment and measuring the depth of water between 
times, he discovered that, as suspected, the sudden closing of the door 
of the small, tight room was thrusting the water down in the bowl and 
causing enough to flow over into the soil pipe to break the seal. The 
trouble was remedied by cutting ^ inch off the door at the bottom. 




Fig. 210. Foreign Matter (Lint. Strings. 

etc.) Causing Capillary Loss 

of Trap Seal. 
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. Evaporation has been described elsewhere. Leakage of seals has 
been mentioned in conjunction with types of fixture traps. Siphon- 
age of traps is simple. The conditions necessary to start a common 
siphon being established in a waste pipe, the seal will be drawn 
out. The discharge of water from a fixture will siphon its trap 
(self-siphonage), if no provision against siphonage is made. The 
crown vent pipe, as described, breaks the siphon in a trap when its 
fixture is discharging, and prevents other fixtures from siphoning or 
waving out the seal. Capillary loss of seal occurs through hair, lint, 
and strings hanging over the weir of the trap. Dipping into the seal 

^ on one side, and ending in the pipe on the 
other, water will climb through or between 
such matter by capillary force, and will drip by 
gravity 'nto the pipe. This is indicated by 
the tangled lines at R, Fig. 210, represent- 
ing capillary material hanging over the outlet 
neck D of the trap. The trap indicated is for 
a lavatory with horn overflow bowl, V being 
the overflow connection, / the waste, B the 
crown vent, and the outlet. Traps are some- 
times locally vented at V, 

Materials forming a porous coating on the 
inner walls of the trap through chemical action 
whi^ Pro vision!* Madef or or Otherwise, are now and then responsible for 

Flushing and CleanlDg Off- .11 e j. 1 v . • f -ii 

set Vent Whenever Neces- the loss of watcr-scal by action of a Capillary 

nature. The shape of a trap may favor the 
accumulation of matter that will lead to capillary loss of seal. 
This is one reason why the plain, open-wall, cylindrical-bore traps 
are best. It is found that no matter how the trap is shaped, its 
cavity is, as a rule, not used except at the points which conform 
to the simplest, most direct course — as before said. Other shapes, 
then, present needless fouling surface and space for accumulation 
of matter that interferes with the proper service of the trap. De- 
parture from the shape mentioned is necessary to secure an unvented 
trap that cannot be siphoned. Any trap that must necessarily 
be connected so as to put the air of the sewer side against the gasket 
of the clean-out cap, should not be used. 

A diflBculty common to venting the general run of plumbing 
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fixtures, is presented by the fact that to crown-vent the trap prohibits 
sufficient immediate vertical rise of the crown vent to get above the 
fjxtute overflow-level, without making an offset in the vent, which, in 
case of stoppage of the waste, favors choking of the vent in the offset by 
matter floated into it as a consequence of the stoppage. A plan 
providing for flushing of the vent at will, is shown in Fig. 21 1, a sanitary 
tee branch being placed in the vent above the level of the sink or 
lavatoty back, as shown at A, and closed by nickel-plated trap-screw 
cover B at the face of the flnished wall. In this way, by removing 
cover B, a wire can be run through to the trap-screw clean-out, and 
the offset portion thus cleaned; and, if necessary, it can be flushed by 
injecting water at B with a hose or funnel. 

TOOLS USED IN PLUMBING 

Some of the fools used in executing pipe work will now be briefly 
described. Of the lead-pipe tools. Fig. 212 is a drift plug or pin used 
for removing accidental dents from, and rounding 
up, lead waste pipe after it has been coiled for i 
shipment. It can be used only when the pipe is ( 
detached and comparatively straight. The plug 
is greased, and is forced throu^ with a piece p,g j,j p^^j p,„ 
of gas pipe with a cap on the driving end. '"' ^'"" 

These plugs are made in various lengths, for all 

sizes of pipe, generally with a slight taper. Box- 
wood is best for the purpose, but dogwood and 
P even softer woods are used. Three to five plugs 
constitute a set for one size pipe; the smallest 
being at least \ inch less than the diameter of 
the pipe, so that, when the plug of the exact 
diameter has worn so that it is too small, one of 
the smaller plugs for the next size lai^r, used to 
begin the removal of the dents, may be employed 
instead. After a pipe is in place, there is scarcely 

Pig. Bia. Tampion or anv easv way to remove a dent, except by sol- 
■ 'Turn- Pin." ^ ^ . . ■ i 

dennga strong piece of strap solder to the lowest 

place and gradually pulling the dent out, keeping it warm with the 

torch so that the lead will give easily. 
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Fig. 213 13 a tampion. — generally called tum-pin by plumbers, 
because it is turned after each stroke of the hammer, so as to insure 
swelling the end of the pipe uniformly. The turning is necessary 
because the pins become somewhat oval while seasoning. The heart 
of the wood is seldom in the center 
of the pin, and the shrinkage there- 
fore is not only quite unequal but 
varies as the center of the timber b 
eccentric to that of the pin. These 
pins are made of boxwood, with 
Fig.3i4. ExpanaingDeTioBror various tapers according to the 

Enlarging Holes *^_ ° 

work for which tlfey are designed. 
Fig. 214 is an expanding device for enlarging holes in drum-traps 
and for aiding in preparing the receiving end of the pipe, as hereto- 
fore described for the turn-pin. 

Fig. 215 is a tap-borer. It is made for boring the openings in 
traps and waste pipes, and for reaming out the ends of supply when 
preparing for wipe-joints. Its work is seldom true, and the turn-pin 
is used for finishing. The plumber's rasp plays an important part 
in the preparation for joints, especially in preparing the spigot end. 






Fig. SIS. Tap-Borer 



Fig. sn. Ordinary Sbave-Hoob 



Fig. 216 is a bending iron, used for straightening the ends of pipe 
and enlarging holes made by the tap-borer, generally performing in 
a satisfactory way the work described in connection with Fig. 214. 

Fig. 217 is a skave-ltook of the tj-pe generally used on regular 
work. Lead tarnishes quickly; and in preparing joints, it is necessary 
to scrape clean the portion to which it is intended the solder shall 
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adhere. The shave-hook is used for this purpose. To prevent 
reoxidation before use, joint cleanings must be immediately covered 
with tallow, lard, or sperm candle. The acid in sperm candle grease 
will cause solder to adhere where 
not intended, if one is not very 
careful. 

On new lead, soiling is neces- 
sary, regardless of the kind of flux 
used. The whole end of the pipe 
or other surface about a joint is 
soiled usually to a ^distance of four 
inches for wiping purposes, before ^^^ ^^^ shave-Hook with Bent shank. 
making the cleaning. Plumber's '°^ Yn^o^v?n!?St p^Sc'e?.'^"' 

soil consists of glue and lampblack, 

a little glue being dissolved in water, and lamp black added to make 
the mixture about the consistency of cream or thicker, the whole 
being boiled to incorporate the glue thoroughly. Soil should be laid 
on hot, with a brush. The surface to which it is applied must be 

free of grease and dirt, or it 
will not stick. 

Sheet lead is generally 
more or less greasy, no mat- 
ter how clean and bright it 
looks, because tallow is used 

Fig. 219. Shave-Hook with Special Blade for Clean- aS a lubricatOF whcu rolling 
Ing Seam Edges, etc. ^ ^ 

into sheets at the factory. 
New sheet lead should therefore be well rubbed with dry chalk, and 
dusted clean before soiling. Good soil should take a slight polish 
by rubbing with the hand after it is dried on the pipe. If it nibs off. 




Fig. 220. Copper Bit or "Soldertng Iron." Fig. 221. Hatchet Iron, 

there is not enough glue; if it cracks or peels or checks while drying, 
too much glue has been used. 

Fig. 218 is a shave-hook with bent shank, convenient for cleaning 
in comers or other inconvenient places. 
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Fig. 225 IS a special wrench for screwing up polished brass and 
nickel-plated pipe, the finish of which would be marred by a common 
wrench. Friction swivels, with link, for each size of pipe, are 
furnished with the wrench. In use, the gripping power of the swivel 
is proportional to the pull on the handle; and the grip necessary to 
turn the pipe, as it becomes tighter and tighter when screwed up, is 
increased regularly, without attention, by the natural increase of 
force on the handle. There are several kinds of wrenches used for 
the same purpose. The one shown will do its utmost on the shortest 
piece of pipe it is possible to apply a wrench to. 

Fig. 226 is a three-wheel pipe-cutter, with a hinged block carrying 
one wheel in a way that makes it possible to cut many sizes of pipe 
with one tool. Three-wheel cutters are handy to cut pipe off when in 
close quarters, as the work can be done without rotating the tool 
around the pipe, a travel of the cutter handle through an arc of about 
120 degrees being sufficient to cover the entire circumference of 
the pipe with the wheels. Three-wheel cutters raise the burr on the 
outside of the pipe, which in a great measure obviates the necessity 
of reaming the ends to get the full nominal bore area, as the scrimp 
stock from which the ordinary merchant's pipe of to-day is made gives 
an actual interior diameter considerably more than the nominal, and 
the stock burred inward with a three-wheel cutter is just about equal 
in its reduction of the bore to the difference between the actual and 
nominal inside diameters. On full-weight pipe of proper outsid 
diameter, the burr raised outside is very annoying to the fitter when 
new, close-fitting guides are in use, because it necessitates filing off 
the burr to some extent before the guide of the thread -cutting stock 
will slip over the end. On the other hand, with scrimp stock, where 
the outside diameter of the pipe is generally somewhat less than 
standard, the burr often constitutes the only portion of the thread 
that has a sharp top and bottom, which is necessary at some point in 
the thread to insure a tight joint. With worn dies and those of poor 
design, the outside burr acts in favor of starting the die without undue 
labor — a point of material advantage so far as labor is concerned 
when cutting threads on pipe of sizes smaller than those for which 
lead-screw die-stocks are furnished. 

Other forms of pipe-cutters, with solid back and one wheel, or 
one wheel and two rollers, are made, the latter rolling the stock 
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inward and making the burr so heavy that it should be reamed out. 
The wheel and roller cutters are used more than any other. They 
will cut true longer by retrograde motion. 

In connection with cutting iron pipe, some reference should be 
made to •pipe-threading dies, of which there are many makes, not all 
worthy of use. It is generally admitted that 
careless and incompetent handling and the general ^ 
abuse to which pipe dies are subjected by the gen- 
eral run of pipe fitters, are largely responsible for 
the poor work turned out and the generally dis- 
couraging service obtained from such tools. But 
with mild-steel pipe, which does not run at all 
uniform in hardness, and which is more unsatis- ' 
factory in everj' way to work than is the genuine 
wrought-iron pipe, it is necessary to employ good Fig. m. Hingoi pip«. 
and well-designed dies in order to avoid extra labor 
and expense and to produce creditable results in thread-cutting. The 
rake and form of the die must be suitable to the kind of material to be 
cut; and it is economy to purchase modem dies designed with this 
point in view, and then to give them the same treatment that would be 
gladly accorded fine machinery of any other type. 

Fig. 227 is a kinged pipe-vise. The uppef jaw and frame are 
reversible so that the vise can be thrown open or closed to the right 
or left as required. The vise has a gravity pawl A, which drops into 
place automatically. A clutch at either side will engage the pawl 
when the vise is fastened (o either the right or the left side of a post. 
A veiy desirable feature of the hinged vise is that pipe having fittings 
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Fig. Z28. CBaln-ToiiKS. Fig. BM. Pipe Wrench tor Small Work. 

which will not pass through the frame at all can be quickly put in 
or taken out with no undue opening or closing of the screw, by siniply 
lifting the pawl nnd swinging the vise back on the hinge. 

Fig. 228 represents a pair of old-fashioned chain-tongs, which 
may be used on any size of pipe the chain will reach around. There 
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are other types, with double jaws, with chain hinged in center, which 
can be used either way, and which are more convenient. 

Pipe wrenches are used for small sizes. Steel-handle wrenches 
are coming into use on large sizes. Fig. 229 shows a pipe wrench 
with wood handle, for small work. The Jaw is opened or closed 
by rotating the knurled thumb-nut g. 

Fig. 230 illustrates a plumber's tfosoHne furnace, adapted to 
heating solder pots and copper bolts. The gasoline supply for the 
blast passes through AA, and is provided with valve H and clean-out 
plug /. The lower end of the supply extends nearly to the bottom of 
the reservoir. The gasoline passes through coil E, which is partially 
filled with wire, us- 
ually a scrap of 
small wire cable, to 
prevent flame from 
running back into 
^ the reservoir, and 
issues from a single 
small hole at F, 
which is turned so 
that the flame will 
impinge on the cod. 
Air-pressure on top 
of the gasoline in 
the reser\'oir is nec- 
essary to make a 
blast. The air-cock is shown at 0. For ordinary purposes, sufHcient 
pressure can be obtained by blowing air in the hose at C with the 
lungs; but for a strong blast, a bulb containing check-valves, shown at 
D, is used to increase the pressure. The filling screw is at B. 

To light the furnace, valve 11 is opened and some of the gasoline 
allowed to play on the coil, from which it falls back into the bottom 
of cup K. When about two tablespoonfuls have reached the cup, 
close H, and light the gasoline through one ol the holes in K. When 
it has burned out, the coil will be hot enough to vaporize the gasoline 
as it passes through it; and a gas instead of a liquid then issues from 
F in the form of a blast, which increases in intensity as E becomes 
hotter. Any tendency to produce more gas than necessaiy merely 
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increases the pressure and the force of the blast. The strength of the 
blast can be regulated by valve H. As the air is forced into the 
reservoir above the gasoline, one pumping keeps the furnace in work- 
ing orderfuntil the low- 
ering of the gasoline level 
has provided so much 
room that the pressure 
of the expanded ' air is 
not suflBcient to maintain 
the blast. Then it be- 
comes necessary to pump 
in more air, or to replen- 
ish the gasoline and again ' 
establish the pressure 
over it as described. 

Fig. 231 is a blast 
torch used by plumbers 
for warming large joints, 
melting off old joints, 
heating soil-pipe hubs, 
thawing frozen water-pipe, etc. The principle of operation is the 
same as that of the furnace. ^ is a hand-pump for establishing 
the air-pressure; B, the air-pipe; and C, the air-cock connecting the 
pump to the top of the reservoir G. D is the filling screw, and H 
the supply valve to burner. The gas issues from a single orifice 

within the hood F. £ is a gasoline cup 
used to heat the burner in order to start the 
blast, and corresponds to cup K of the fur- 
nace. 

The thawing steamer^ Fig. 232, is made 
of heavy copper and adapted to fit the bowl 
of a plumber's blast furnace. A is the safety- 
valve, D the reservoir, and B the valve con- 
necting with the steam space. For use, the 
reser\^oir is filled about three-quarters full of 
water, and heated to steaming point. The steam is conveyed through 
a hose C, and injected into the end of the frozen pipe. As the ice 
melts and the water flows out, the hose is pushed further and further 



Pig. 231. Plumber's Blast Torch. 




Fig. 232. Thawing Steamer. 
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into the pipe, until the ice is all melted out of the frozen portion. This 
is an admirable way to thaw water-pipe frozen underground, within 
partition walls, and in other inaccessible places. 

There are numerous other tools used by the tradqi not only 
peculiar to the plumber's needs, but used also in common by work- 
men in other lines. All the data necessary concerning them can be 
had by reference to catalogues. 

METHOD OF WIPING JOINTS 

Watching somebody wipe joints, a clear description of how it 
is done, a thorough knowledge of the theoretical process, and 
acquaintance with the traits and qualities of the materials used, are 
essential; but practice in the art of wiping joints has more to do 
with making one proficient than has mere practice to do w^ith 
proficiency in any other line of work. A Hottentot w^ould succeed 
about as w^ll in engrossing a set of resolutions, upon his first intro- 
duction to English and a pen and ink, as the most skilful person in 
other lines would in the work of wiping a joint at the first attempt. 
One may give the closest attention to the manual operations of making 
a thousand joints when the cloth and ladle are in the hands of someone 
else, and yet fail to remember the how and wherefore of a hundred 
movements absolutely necessary to success. Some general remarks 
are therefore all that will be of real benefit to any one previous to 
practice. 

The same general result must be attained under a great variety 
of conditions, regardless of position or size or character of the pipe. 
The temperature and composition of the solder; the temperature of the 
weather; the kind, size, and position of the joint, etc., must be 
reckoned with in every instance, and each modifies the proceeding 
more or less at some stage. 

Before commencing to wipe a joint, one should be positive that 
it is firmly set; that the cleaning is well done and of proper length; 
that the junction of the ends is w^ell made, so that solder w^U not run 
through into the pipe; that the surrounding edges are well soiled, 
pasted, or otherwise protected, so that the solder w^ill not adhere except 
at the cleaning; that the pipe is dry inside and outside; that no undue 
current of air is passing through it; that there is enough solder in the 
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pot to get up the heat and do the work; that the solder is hot enough; 
and that the cloth is in good condition. 

To prepare for a joint, square the end of the pipe; see that the 
lx>re is true; rasp the spigot end evenly down to the bore, a little more 
obtuse to the outside surface than it is intended to make the boring or 
opening of the receiving end to that of the interior surface. Always 
rasp against the end of the pipe, so that no burr is made on the inside 
and so that none of the raspings get into the pipe. If the receiving 
end is to be opened with a tum-pin, the rasping on the spigot end 
should be made according to the taper of the turn pin, and the bell end 
should be rasped down only partially, leaving stock enough to stretch 
when the end is expanded with the tum-pin. If the receiving end is 
to be opened with a tap-borer, then the spigot end must be rasped 
down in accordance with the angle of its boring. A coarse rasp will do 
to rough the work with ; but one of fine teeth should be used to do the 
finishing so that the shave-hook will remove its marks. When the 
ends are thus prepared, soil them back three or four inches; and 
when dry, clean with a shave-hook, cutting rather deeply at the 
beginning of the cleaning so that there will be a slight thickness of 
solder at the edges of the joint; otherwise it would be impossible to 
wipe the edges clean and perfect, because the feather edge will chill 
too quickly. Before setting the joint, the tip edge of the spigot end 
and the bottom of the receiving end should be soiled, so that the two 
soiled parts will come together when the pipe is in place. This keeps 
solder from sweating through into the pipe. 

The length of cleanings does not increase with the diameter of 
the pipe. The idea is to have the solder contact surface in proportion 
to the strength or purpose of the pipe. A round joint on f-inch pipe 
and one on 8-inch soil pipe should be about the same length — 2 to 2{ 
inches. On 4-inch soil pipe, the average width of a joint is about 1^ 
inches. When the pipes to be joined are of different metals, it is best 
to increase the length of the joint somewhat, or extend the tinning. 
For instance, on copper pipe — especially for distillery use — some 
kind of galvanic or corrosive action takes place which destroys the 
union between the solder and the metal of the pipe. It is therefore 
usual, on distillery work, to tin across the end of the pipe and back 
on the interior, in addition to the regular joint s rface outside, making 
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the tinning continuous, as its length and continuity seem to determine 
the period of time the joint will last. 

Difference in the ratios of expansion, causing a shearing action, 
appears to have much to do with the life of joints when lead and brass, 
lead and copper, or lead and iron are joined together by wiping. This 
is noticed more on water-back connections than elsewhere in the 
regular line of plumbing. When lead is joined to lead, the difference 
in the coeflBcients of expansion for the mass of solder and the metal 
of the pipe with which it is in contact, is so slight that little trouble is 
experienced in this way. The contour of the joint may be decided 
by allowing the thickness of solder at the middle to equal one and 
a-half times the thickness of the wall of the pipe. This holds good for 
supply pipe where the solder used is 40 to 45 per cent good tin and 
55 to 60 per cent pure lead. On thin wall soil and waste pipe, or 
where coarser solder is used, twice the thickness of the wall is bettei 
The solder forming the joint must be patted up compactly before 
wiping. 

The beginner should keep the solder hot, leaving the pot in the 
furnace while practicing, so that he can put back and re-melt the cold 
batches from time to time, and continue to pour and re-wipe without 
loss of time. He can do no better than to try to imitate the motions 
of those who know how, whether he yet fully comprehends the reasons 
or not. Practice will soon teach him a few points which words cannot 
explain to the inexperienced. Lead and tin, not being of the same 
specific gravity, stratify more or less when melted, the tin rising to 
the top. For this reason, the molten mass should be skimmed and 
well stirred before dipping out any to wipe with. Never stir solder 
until ready to use it. Let the novice take the cloth in the left hand, 
holding it forward so as to cover the tips of the fingers, and take a 
ladle of solder in the right. Hold the cloth under the cleaning and 
drop the solder drop by drop upon the cleaning at different points, 
gauging the number, rapidity, and size of drops ^.ccording to the heat 
of the solder. A single drop of solder too hot, may melt a hole 
through a thin wall pipe after it is pretty well warmed up. Keep the 
ladle moving so that the drops will fall in different places. When 
some solder gathers on the cloth, put it up on top again, and drop 
solder on it. When more runs down on the cloth, hold it against 
the bottom of the pipe to warm the bottom; and continue to drop 
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solder from the ladle, more particularly now about the edges and 
even extending the pouring two inches or so out on the soiled part of 
the pipe on each edge, which will help to warm the pipe and pro- 
vide heat in the pipe adjoining the edges of the joint to help keep the 
joint hot enough to. wipe the edges clean before they chill. 

Do little rubbing or passing on the edges. Let the solder stack 
up; dig some out of the top of the mass with the ladle to temper fresh 
solder from the pot, so that pouring a liberal stream instead of drops 
will do no damage. When the pipe has absorbed enough heat to 
allow the cold masses at the edges to be lifted easily, pass the mass 
around a little so as to tin the cleaning. Keep plenty of solder on the 
cleaning, and let the edges take care of themselves until the last. 

When there is a good mass of solder on the cleaning, and the 
edges are thick and mushy, do extra pouring on the edges to get them 
thoroughly hot, and then place the solder on the cloth upon the pipe. 
If it is hot enough, the solder will tend to run off at either side again; 
but it must be caught and pushed up. Then, with the aid of the 
thumb or an extra cloth in the right hand, push the solder around 
keeping plenty at the bottom, and get it patted up compactly into an 
egg shape with thick edges extending over on the soiled part, as 
quickly as possible. It may be necessary to pass or rotate the mass 
so as to get the cooler solder on the top to prevent it from dripping 
from the bottom. Experience will teach one how to mix the over- 
heated portion with the balance so as to have the solder approximately 
at uniform temperature at all points by the time the joint is patted up. 

The joint roughly shaped as described would hold w^ater quite 
as well as after it is finished ; but the appearance is bad. 

Clean the edges first by pulling the cloth around, bearing down 
on one edge at a time. Then spread the middle and index fingers so 
as to let the cloth sag between them, and finish the joint by pulling 
the cloth around while bearing on both edges at the same time, keeping 
hold of the cloth by pinching it to the palm of the hand with the thumb. 
Beginners usually draw the cloth lengthwise of the joint to cut off 
the surplus carried around on the cloth by the finishing wipe; but 
an experienced person can finish the wiping while the solder is yet 
hot enough to sweat-in the cloth marks of the final wipe. 

If the joint is wiped hot enough, and the heat evenly distributed, 
the tin spots on the surface when the joint is cold will be evenly dis- 
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tributed over the surface. If the pipe is hot enough, and the mass 
of solder too cold at any point, the friction of the cloth will c*ause the 
whole mass to rotate on the pipe. If too hot on the bottom, it will 
bleed the mass by dripping at the lx)ttoni. If too cold on top or at any 
other point, a very poor shape will result — if, indeed, one is able to 
wipe the joint at all. If the solder is fine, and a single wipe is made 
after the solder has fallen below the proper temperature, the surface 
will be covered with briar-like projections. If the solder contains 
any zinc, it will be brittle and work like commeal dough, and drip 
at the lx)ttom when finished, if finished at all. All brass goods con- 
tain more or less zinc in alloy with copper, and it is best never to tin 
brass in wiping solder, as the zinc will melt out and ruin the solder. 



Fig. 233. Butt Sweat 
Joint. 



Pig. 234. Blow 
Joint. 



Fig. 235. Copper- Fig. 238. Round Wiped 
Bit Joint. Joint on Small Pipe. 



Many plumbers use two cloths when wiping. To become expert 
with the cloth, it is better to wipe all kinds of joints with one cloth 
only, until thoroughly proficient; then, if a second cloth is found to 
be of real service in some instances, use it. 

A beginner may take every advantage to aid him — such as chok- 
ing a pipe to keep cold air from passing through, heating brass or 
copper edges with a torch before wiping, placing a live charcoal on a 
piece of screen wire within the pipe to aid in heating up, wiping large 
joints in sections and meeting the edges by chalking the finished part 
as described in connection with tank seams, etc. — but he should 
never be guilty of making extra joints in onler to shirk a diflScult 
position. The quickest plan to master this bmnch of work, is to make 
joints in whatever position they happen to he required, instead of 
trying to arrange an easy way. 
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Wiped joints should be made wherever practicable; but there are 
several other styles of joints equally serviceable for certain locations. 
Fig. 233 is a butt sweat-joint made by squaring the ends, tinning one 




FIg.SSS. Brtmcb JolDt with 

Swell Neck. 

end, an<l sweating the other to it by heating with a torch. It is the 
weakest joint made, but will at the outset stand any strain or internal 
pressure that the pipe itself will stand. 

Fig, 234 is a blow joint. The only difference between it and the 
copper-bit joint shown in Fig. 235, is that the solder is floated by aid 
of the torch, and it is not so heavy as Fig. 235. The copper-bit joint 
is made with the soldering iron, the solder being melted and floated a 
little at a time until the joint is completed. 





Pig. 210. Double-Branch Cross. 



Fig. 241. Regular Cross-Joint. 



Fig. 236 is a round viped joint on |-inch supply pipe. For com- 
parison a round joint on 5-inch soil-pipe is shown in Fig. 237. 
Fig. 238 is a supply-pipe branch joint with c 
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Fig, 239 is a supply-pipe branch vnih swell neck, much more 
difficult to wipe than the style shown in Fig, 238. 

Fig, 240 is a dovble-branck cross. This style of cross looks well. 





Round JolDl, 



BrKDcli and 



and is very easy to wipe, because one branch may be wiped at a time 
by protecting the first with chalk or paste. 

Fig. 24J is a regvlar cross-joint, more difficult than the double 
branch because there are four edges to take care of at one heat. 

Fig. 242 is an angle cross, more difficult if anything than the 
wiping of Fig. 241. 

Fig. 243 is a comhination branch and round joint, sometimes 




us. Common 



le. im. comm 
Flanee Joint.. 



made where it is most convenient to have a branch joint come at a 
point where two ends of the supply line must also be joined. 

Fig. 244 is a Y-joint. This form of Y is rarely wiped except for 
branch cables on telephone work. Many so-called Y-joints are made 
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at a Y-angle on lead waste-pipe work, as shown in Fig. 245. As a 
general nile, none of these combination joints are made frequently 
enough of late years to keep a plumber in good practice. A common 
wiped flange joint is shown in Fig. 246. 

An inclined joint can be set easily with two pairs of old dividers 
and two blocks to hold the pipe away from the wall. The table to 
catch what falls, should be a little toward the low side rather than 
centered under the cleaning. To wipe a joint in this position, pour 
well out on the soil, and let it stand without attempting tq do much 
with the cloth. Temper the solder from the pot by digging out of the 
stack on the joint, and pour liberally. After the cold edges get 
melting hot next the cleaning, lift them into the pot. Then begin 
to pass the solder around with 
the cloth. Keep a good mass on 
the pipe. Pat up when hot 
enough, and cut the high edge 
clean first; then the top of the 
low edge. Then make some trial 
wipes, without pulling off any 
solder, to see if the joint is filled 
out to the proper contour all 
around. If not, use the surplus 
to fill the low places; then wipe 
down to the desired shape quickly. 

If the joint takes on any symptoms looking as if it had been stung by 
a bee on the low end at the bottom, cool it quickly with water. 

To protect the wall on a flange joint over new wood wainscoting, 
such as is often made on sink wastes and vents, a large piece of paste- 
board should be fitted over the pipe before the end is flanged. A 
blind flange joint requires a lead flange to be tacked to the wall over 
the pipe to support the joint. It is best to fit a lead flange the size 
of the joint in all cases, as less stretching of the pipe end is then 
necessary where the flange is also a union of two pieces of pipe. After 
the joint is finished, the pasteboard can be carefully cut around it and 
removed, leaving the wall clean. If the flange is to be made over 
marble, the pasteboard keeps the heat from running away from the 
edges, and there is less danger of cracking the marble by heat. 




MSTCBOAMD RfAff 



RfAOW 
TO PUT IN PLACE 



CBOARO 



Fig. 247. Upright Cleaning Ready to Wipe. 
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An upright cleaning is shown ready to wipe in Fig. 247. Plain 
upright joints are so easy, and occur so frequently, that the art of 
wiping them is soon mastered. The receiving end should be below 
and should be opened with the tum-pin and rasped off to suit. Its 
lower, inner edge and the tip of the spigot should be soiled. The 
ends should fit well, and the open part taper a little more than the 
spigot. The bulge helps to keep the solder up; and the cup, if well 
cleaned, will make a good joint alone. When wiping, either spit the 
solder on with a stick or pour on the cloth and drift it against the 
cleaning. Keep the mass up. Endeavor to pour solder on solder 

instead of on the 

,^/^/ ///^///^ ^ ^^ cleaning. Leave 

the bottom edge 
alone until the cold 
fringe loosens of its 
own accord. When 
hot, form up 
roughly, high, and 
cut the top edge 
off clean first; then 
drag up the settling 
bottom edge, and 
fill out the low 
places; then wipe 
to finish, bearing 
the hardest on the 
upper edge of the 
cloth. The table 
can be made of two pieces of pasteboard as shown. Set it low 
enough to let the cloth and hand clear what drops when wiping. If 
cold solder surrounds the pipe when finished, melt it apart with the 
copper. 

The overhead joint, shown in Fig. 248, is wiped in the same way 
as though it were on the floor. The position is a trying one, and the 
cloth and ladle are kept in place at a great disadvantage. A stiff cloth 
is best to get the heat with; while a second, more flexible and pre- 
viously warmed, can be used in conjunction, to do the shaping and 
wiping. Some heat previously applied with the torch to the edges, 




No. 248. Wiping an Overhead Joint 
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will shorten the time of getting the heat, and save the wrists and 
fingers from cramp and excessive tiring. Some provision for straight- 
ening the Une is necessary, if a straight shoot is too high to wipe. 
Sometimes the surplus pipe is snaked into one horizontal plane with 
proper incline so that the pipe will drain, and is supported by a shelf. 

THE MAKING OF CALKED JOINTS 

In working cast-iron soil-pipe, frequent cutting y as it is termed, 
is necessary. To do this, all that is required is a hammer, and a cold 
chisel not too sharp. Make a line around the pipe as a guide, to 
insure making the piece the same length at all points. Then begin 
with hammer and chisel, pointing the chisel straight toward the 
center of the pipe and striking it quick, moderate blows, moving the 
chisel a little forward on the line after each blow, so as to make a 
continuous dent all around the pipe. Continue working in the dent 
until the pipe falls apart. The separating of soil pipe in this way 
IS not a cutting process at all; it is simply packing the iron down in 
a line until the fiber of the iron is disturbed entirely through the wall, 
or at least sufficiently to wedge the pipe apart. Where the chisel 
strikes, the force tends to make the pipe longer, and the strain thus 
produced wedges it asunder. 

Tools Used in Making Calked Joints. Fig. 249 is a yarning tool, 
the blade being long 
and thin in order to 
reach the bottom of 
the hub. The offset 
in the handle is to keep 
the hand out of the 
way of the pipe when 
using it. The calking 
tool is of the same pat- 
tern, with shorter 
blade and heavier. 
For calking and yarn- 
ing joints standing 
close together or in a 
comer, special forms are needed. The comer tools, as they are 
called, are offset twice — once to keep the hand free of the pipe, 
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Fig. 249. Yarn- 
ing Tool. 



Fig. 250. Fig. 251. 

Right and Left "Comer" Tools for 
Calking and Yarning. 



43d 



218 



PLUMBING 



and once edgewise, throwing the blade out of alignment both 
ways. The offset part next the blade is curved to the arc of the largest 
pipe it is to be used on, so that the blade will reach down in the hub 
vertically at the back of the joint, while the handle stands free in the 
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Fig. 252. Right and ]>ft Calking 
Tool 



Fig. 253. Use of Special Tool in Calking 
Joint near Ceiling. 



open space for manipulation with the hand or hammer. These tools 
are necessarily made right and left, as shown in Figs. 250 and 251. 

Another form of right and left calking tool is shown in Fig. 252, 
for use in finishing the joint as described in connection with Fig. 190. 

Joints near the ceiling or in other positions, sometimes have to 
be made in places where regular tools cannot be used. The application 
of a special tool for the purpose is shown in Fig. 253, h being tlie 
hammer face, which is in position to use the hammer on quite con- 
veniently. The hammer end A is made extra heavy, not only to 
prevent losing the force of the blow by vibration, but to give it weight 





Fig. 254. Asbestos Joint-Runner, Open and Closed. 

in making effective jerking blows with the hand when pulling the 
yam in. 

Fig. 254 illustrates a joint-runner made of square asbestos rope, 
with hinged clamp and thumb-screw attached for holding it in place. 
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There are other forms maxie that are just as good. These are used 
in running horizontal and obhque joints on cast-iron soil-pipe work. 
A fire-clay roll, formed about a strong cord by hand and used just 
damp and soft enough to bend and pinch in place, answers the purpose 
very well, though the weight of the lead, aided by steam bubbles 
formed from the water in the clay, sometimes blows them loose and 
imposes on the plumber the hard task of getting ready to re-run the 
joint, to say nothing of the time lost. 

TESTING PLUMBING 

Peppermint and ether are now but little used to i^st the tight- 
ness of soil and waste pipe. Better methods prevail. When the 
roughing-in work is finished, a water test is applied. The openings 
for fixtures and the outlet being closed, the whole system is filled 
with water, and no further progress permitted until it is water-tight. 
To avoid extra work in taking out defective pipe and fittings, cracked 
hubs, etc., it is best to fill the pipe as installed. Defects of material 
and workmanship are then brought to light at a time when they can 
be remedied at the least expense. 

After the fixtures are set and connections made, a smoke test is 
applied to the completed job before it is passed for actual service. 
Devices for filling the pipe with smoke by burning rags or waste, are 
a part of every shop's equipment where city ordinances prescribe this 
kind of test. These are called smoke machines^ and are moderate 
in cost and simple in operation. The smoke test is made under one 
to two inches' water-pressure, the pressure being shown by a water- 
gauge on the machine. 

PLUMBING LAWS AND ORDINANCES 

The municipal control of plumbing in the United States dates 
back only about twenty-five years, although some simple regulations 
w^ere in effect in Lowell, Mass., and Providence, R. I., as early as 1878. 
The earliest codes with any claims to completeness took effect in 1881. 
The first such rules were made under the authority of general statutory 
provisions which conferred power on local governments to legislate on 
sanitary affairs. It soon became evident, however, that State legis- 
lation was necessary in order to give proper uniformity to the method 
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of control; and general plumbing laws have now been enacted in 
more than twenty States. 

The application of the police power in the State — which may be 
broadly defined as "The power of promoting the public welfare by 
restraining and regulating the use of liberty and property" — was at 
first questioned when used in this connection. Owing, however, to 
the advances in pubUc opinion regarding these questions of general 
welfare, it has been settled by numerous decisions that the regulation 
of plumbing construction by competent persons and in accordance 
with well-defined laws of design is a proper function of the Common- 
wealth. A recent authority has said: "The legislation on this 
subject has been the result of evolution, and conditions that were at 
one time tolerated are now recognized, with the growth of knowledge 
and the advance in sanitary science, as dangerous to life and health." 

The scope of plumbing laws varies in the different States. 
They usually provide in general terms for the establishment of a 
Plumbing Board in each of the larger cities. Such a board generally 
includes at least one master and one journeyman plumber, together 
with some member of the Board of Health, or other city official, 
whose duties bring him closely in touch with plumbing construction. 
This board has authority to examine candidates for licenses as 
master plumbers and for journeymen's certificates, and to determine 
their competency to conduct the business or to work at the trade. 
If an applicant is not found competent, he is forbidden to do plumb- 
ing work. Either the board as above constituted, or the Board of 
Health, is charged with the duty of regulating plumbing design; 
and in most cities, ordinances have been framed with this end in 
view. The method by which plumbing shall be controlled is some- 
times defined by the state law, and is in other cases determined by 
provisions of the city charter. 

The extent to which regulations and ordinances prescribe the 
types of construction, varies greatly. In the smaller cities, a simple 
regulation comprising a few paragraphs is all that is found necessary. 
In the larger cities, long and complicated ordinances, with many 
provisions describing in great detail the materials that may be used, 
the method of venting, etc., have been framed. The great advances 
in plumbing design and in t}T)es of fixtures available create a neces- 
sity for some adaptation of plumbing rules to changed conditions. 
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The jurisdiction under which the control of plumbing inspection 
should be placed — whether with the Department of Health or with 
the Building Bureau — ^has been a subject of some controversy. 
The enforcement of the earlier plumbing rules was entrusted to the 
sanitary authorities; and the supervision of plumbing is, in many 
of the larger cities, still in the hands of the Health Department. 
There has been, however, in the last few years, in connection with 
the more detailed study of features of plumbing design, a well-defined • 
feeling that the questions of greatest importance fall within the 
province of the Sanitary Engineer, and may be logically treated by 
that department which has control of other details of building con- 
struction. In New York and Boston, as well as in some smaller 
cities, jurisdiction over the Plumbing Bureau is placed with the 
Department of Buildings. 

Although the extension of plumbing supervision to those cities 
where it has not previously been in existence has been rapid, there 
still remain a number of large cities and many smaller ones which 
have neither regulations governing plumbing nor inspectors to super- 
vise plumbing construction; and in many States no movement has 
yet been made to frame general laws upon this subject. 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

HEATING AND VENTILATION 

PART I 



1. What advantage does indirect steam heating have over 
direct heating? What advantages over furnace heating? 

2. What are the causes of heat loss from a building? 

3. Why is hot water especially adapted to the warming of 
dwellings? 

4. What proportion of carbonic acid gas is found in outdoor 
air under ordinary conditions? 

5. A room in the N. E. corner of a building of fairly good con- 
struction is 18 feet square and 10 feet high; there are 5 single 
windows, each 3 by 10 feet in size. The walls are of brick 12 inches 
in thickness. With an inside temperature of 70 degrees, what will 
be the heat loss per hour in zero weather? 

6. State four important points to be noted in the care of a 
furnace. 

7. A grammar school building, constructed in the most thor- 
ough manner, has 4 rooms, one in each corner, each being 30 ft. by 
30 ft. and 14 ft. high, and seating 50 pupils. The walls are of 
wooden construction and the windows make up J the total 
exposed surface. The basement and attic are warm. How many 
pounds of coal will be required per hour for both heating and ven- 
tilation in zero weather, if 8,000 B. T. U. are utilized from each 
pound of coal? 

8. What two distinct types of furnaces are used? What are 
the distinguishing features? 

9. What is meant by the efficiency of a furnace? What 
efficiencies are obtained in ordinary practice? 
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1. How would you obtain the sizes of the cold-air and 
warm-air pipes connecting with indirect heaters in dwelling-house 
work? 

2. What is an aspirating coil, and what is its use? 

3. What efficiencies may be allowed for indirect heaters in 
schoolhouse work? How would you compute the size of an indirect 
heater for a room in a dwelling-house? 

4. How is the size of a direct-indirect radiator computed? 

5. A schoolroom on the third floor is to be supplied with 
2,400 cubic feet of air per minute. What should be the area of the 
warm-air supply flue? 

6. What is the chief objection to a mixing damper, and how 
may this be overcome? 

7. How many square feet of indirect radiation will be 
required to warm and ventilate a schoolroom when it is 10 degrees 
below zero, if the heat loss through walls and windows is 42,000 
B. T. U., and the air-supply 120,000 cubic feet per hour? 

8. What is the difference in construction between a steam 
radiator and one designed for hot water? Can the steam radiator 
be used for hot water? State reasons for answer. 

9. How may the piping in a hot-water system be arranged so 
that no air-valves will be required on the radiators? 

10. What efficiency is commonly obtained from a direct hot- 
water radiator? How is this computed? 

11. How should the pipes be graded in making the connec- 
tions with indirect hot-water heaters? Where should the air-valve 
be placed? 

12. Describe briefly one form of grease extractor. 
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1. What points should be borne in mind when selecting a 
heating boiler for a given service? 

2. Explain by an example how to check the catalogue rating 
of a boiler. 

3. Point out the difference between (a) direct, (b) direct- 
indirect, and (c) indirect radiation. 

4. State the advantages of each type. 

5. What advantages do overhead coils possess over other 
classes of direct radiation? 

6. (a) With overhead coil heating, how should the coils be 
placed with reference to walls and floor to secure the best results? 
(b) Why? 

7. In what two ways is heat given off by a radiator? 

8. What advantages has a wet return system over one with 
dry returns? 

9. (a) In what classes of buildings, as a rule, may the over- 
head feed system be used and why? (b) What advantages are 
possessed over the up-feed system? 

10. When should a two-pipe system be used in preference 
to a one-pipe? 

11. Explain the action of a siphon trap in balancing a low- 
pressure steam heating system. 

12. When is it advisable to establish an artificial water line? 

13. What appliances are necessary in connection with 
exhaust steam heating that are not used with ordinary low- 
pressure heating? 
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1. Under what conditions is a spring of water available for 
hoiise supply? 

2. What methods are adopted of supplementing municipal 
service in case of insufficient pressure? 

3. What are the essential requirements of a good laundry 
tray? 

4. What do you consider the poorest types of waterclosets? 

5. What are the general methods of supplying buildings 
with water? 

6. How far should the bottom of a cistern be below the cyl- 
inder of an ordinary house suction pump? 

7. How is siphonic eduction effected in the case of range 
closets? Illustrate by diagram. 

8. Describe the part played by lead in modern plumbing. 

9. What is a pneumatic siphon closet? Give diagram. 

10. How can an open-trough range closet be satisfactorily 
ventilated? 

11. How can supply to tanks be automatically regulated? 

12. When is a hydraulic ram available for house supply? 

13. Describe the various kinds of bathtub supply and waste 
fittings. 

14. What are the advantages or disadvantages of the com-' 
bined hopper and trap and the wash-out types of closets? Illustrate 
by freehand sketches. 

15. Classify bathtubs (1) according to material; (2) according 
to shape. Illustrate the shapes by freehand sketches. Discuss 
the relative merits of the different classes of bathtubs. 

16. Describe the different types of lavatories. 
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1. Describe the essential features of a stove or range con- 
nection of a reservoir. 

2. Explain the principle of the Bunsen burner. What 
application does it have in connection with lighting by gas? 

3. How many square feet of heating surface will be needed 
in a submerged brass coil filled with steam at 7 pounds pressure, 
to raise the temperature of 125 gallons of water per hour from 40 
degrees to 200 degrees? 

4. What is the cause of rumbling in a reservoir? 

5. What is the object of the siphon hole in the delivery pipe 
in a reservoir? 

6. Describe the different classes of filters. 

7. Draw a diagram showing connections of hot-water reser- 
voir (1) to a single water-back; (2) to two water-backs on different 
floors. 

8. Explain the function of the air-chamber in a force pump. 

9. A house usually settles after being built. If rigid iron 
service pipes are used, how can the effects of settling be avoided? 

10. How are service pipes protected from frost? 

11. How many square feet of grate surface will be needed to 
raise 150 gallons of water per hour from 45 degrees to one of 160 
degrees? 

12. What rules should be observed in making bends in pipes? 

13. What are the salient features of the direct system of 
supply? 

14. Explain the working of a common suction pump. Illus- 
trate by diagram. 

15. Name and describe five kinds of gas burners for lighting 
purposes. 

16. When is a lift pump necessary? How does it differ from 
an ordinary suction pump? 
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In this Index the Volume number appears in Roman numerals— 
thus: I, II, III, IV, etc., and the Page number in Arabic numerals— thus: 
1, 2, 3, 4, etc. For example: Volume IV, Page 327, is written, IV, 327. 

The page numbers of this volume wiU be found at the bottom of the pages; 
the numbers at the top refer only to the section. 
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flat-seam IX, 347 

metal IX, 342 

slate roofing V, 176 

soldering IX, 352 

standing-seam IX, 357 

supervision of V, 181 

tables IX, 339-341 

tiles V, 178 

tin roofs V, 172 

tools required IX, 343 
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Rowlock arch 
Rubble concrete 
Rubble masonry 
Rubble walls 
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Safe load of a beam II, 377 

Safe strength of a beam II, 377 

Sand IV, 51; V, 141; IX, 380 

Sandstone IV, 12; VI, 132 

Sash hardware I, 396 

Sash lifts V, 110 

Saws I, 42 

ScagUola V, 228 

Screws I, 50 

Screws and nails I, 372 

Seam-faced granite VI, 133 
Section modulus II, 365; III, 49, 108 

Sectional boilers X, 49 

Segmental arch IV, 395 

Semicircular arch IV, 395 

Separators III, 137 

Service pipes X, 297 

Sewage disposal X, 359 

Sewage purification X, 373 

Sewer design and construction X, 369 

Shade lines VII, 18 

Shades and reflectors IX, 281 
Shades and shadows VII, 299-341 

auxiliary planes, use of VII, 322 
construction, short methods 

of VII, 332 

definitions VII, 299 

light, ray of VII, 302 

lines, shadows of VII, 304 

notation VII, 301 

planes, shadows of VII, 307 

planes of light perpendicular 

to co-ordinate planes, 

use of VII, 327 

points, shadows of VII, 302 

solids, shadows of VII, 308 

Shafts 

stiffness of II, 416 

strength of II, 411 

twisting moment of II, 411 

Shear diagrams II, 333 
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Sliding doors 
Snap switches 
Soapstone sinks 
Sockets 
Soffit 

Soil foundation 
Soil pipes 
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example 
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outline 
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purpose 
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Splices 
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Splices in carpentry 
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Splices in joinery 




70 
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setting out 




270 


Stairways 


V, 


389 
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1 on-conducting coverings 


X, 


100 


sectional 


X, 


49 


selection of 
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Steam boilers (continued) 
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Steam heating 

boilers 

details of installation 
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one-pipe circuit system 

one-pipe relief system 

radiators 

two-pipe system 

vacuum heating 

valves and connections 
Steam piping 

artificial water line 

draining mains and risers 
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practical design III, 283 
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Structural metal painting 
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I, 
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beams 
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Steel stairways 
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composition, chemical 
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design, practical 


III, 
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Steel work, erection of 


V, 


258 


estimating of 


III, 


391 


Stocks and dies 


X, 


198 


fire protection from 


III, 
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Stone 






girders, riveted 


IV, 
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manufacture 


III, 19, 54 


footings of 


V. 
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members, compression 


III, 


185 


general rules for laying 
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245 


Stone masonry IV, 107; V, 
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properties, physical 


III, 


56 


' arches 
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168 


rivets and bolts 


HI, 
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V, 


163 


rust, protection from 
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340 


cast stone 
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166 


schedule of rates on 
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417 


cost of 


IV. 
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specifications 
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stresses, unit 


III, 
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features, constructive 
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tests, inspection 
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58 


pointing 


V, 


170 


weight 


III, 


51 


quoins, jambs, and lintels 


V, 


166 


wind bracing 


III, 


251 


rubble 


V, 


161 


Structures, erection, inspection 




stone, cutting and dressing 


IV, 
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and superintendence of V, 
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stones, general rules for laying V, 
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Studding 


I, 
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Stone tests 
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17 


Study of the Orders 


VIII, 11 
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quarry examinations 
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test for frost 
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for 
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32 
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Superintendent and contractors* 




Storage batteries 
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organizations 
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324 


Stoves 


X, 
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Switchboards 


IX, 
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Street lighting 


IX, 


258 


Switches 


IX, 


58 


Strength of beams 
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358 
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Strength of columns II, 391; III, 19 


1,201 
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Strength of joint, computation 


of II, 


426 


T-beam construction 


IV, 


227 


Strength of shafts 
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approxiniate formulas 


IV, 
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Stress, kinds of 
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flange, width of 


IV, 


231 


Stress-deformation diagram 




310 


resisting moments of 


IV, 


228 


Stress diagrams 




160 


rib, width of 


IV, 


231 


Stress records 
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shear in 


IV, 


238 


Stress sheet 
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shearing stresses between beam 




Structural drafting 


11,1 


1-123 


and slab 


IV, 


236 


detailing, general instructions 11, 
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slab, beam, and girder 


con- 




detailing methods 


11, 
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struction, numerical il- 




drafting room equipment and 




lustration of 
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testing numerical illustration IV, 
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T-square 
Tables 

abbreviation standards II, 

absorption values for different 

shades IV, 

air, number of changes in, 
required in various 
rooms X, 

air, power required for moving 
under different condi- 
tions X, 
air, quantity of, required per 

person X, 

air flow through flues of vari- 
ous heights under vary- 
ing conditions of tem- 
perature X, 
air required for ventilation of 
various classes of build- 
ings X, 
allowable unit-stresses, me- 
dium steel II, 
analysis of cost of roof trusses 

and mill building II, 

angle gages II, 

approximate weights of roof 

coverings II, 

arc lamps, data on IX, 

arc lamps, lighting data fi>r IX, 
areas of circles VI, 

barrels of Portland cement per 

cubic yard of mortar IV, GO, 70 
beams, strength of III, 110-117 

bearing capacity of soils V, 333 

bearing and shearing values of 

rivets II, 

bending moment II, 

board measure VI 

bond adhesion of plain and de- 
formed bars per inch of 
length IV, 

boiler, size of, for different 

conditions X, 

capacity of cisterns \'l, 

chemical and j)hysical proper- 
ties of reinforcing bars IV, 
circuit mains, siz(\s of X, 
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coefficients of elasticity II, 417 

compensator lamps IX, 269 

compressive strength of con- 
crete IV, 64 

compressive test of concrete IV, 64 

conductors in alternating cur- 
rent, sizes of IX, 45 

conductors in direct current, 

sizes of IX, 44 

conduit, minimum weights of, 
for required wall thick- 
ness IX, 45 

conversion coefficients for 

various timlxTS V, 408 

Cooper-Hewitt lamp IV, 256 

corrugated sheets, measure- 
ments of IX, 364 

corrugated steel data II, 217 

data for plain rivets of differ- 
ent diameters V, 321 

data relating to offsets in iron 

pipe work X, 301 

deflection II, 359 

direct radiating surface supplied 
by means of different 
sizes and lengths of run X, 121 

drop in pressure due to friction 
of pipes of different 
diameters for varying 
rates of flow X, 273 

electric lamp units for steam- 
train lighting 

enclosed arcs, rating of 

factors of safety 

firepot dimensions 

flaming arc lamps, data for 

flat-s<\am roofing 

flow of steam in pipes of other 
lenptlis than 100 feet, 
factors for calculating 

flow of steam in pipes of va- 
rious sizes 

flow of steam in pipes under 
initial pressure above 
5 pounds, factors for 
calculation X, 71 
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formulas giving weights of roof 

trusses II, 212 

fuse spacing, open-link IX, 167 

gages for angles III, 64 

gages and maximum allowable 

rivets for angles II, 252 

gem berth-light lamp IX, 269 

gem lamp data IX, 192 

grate area per hp. for differ- 
ent rates of evapora- 
tion and combustion X, 47 
gross load on rectangular 

beam one inch wide IV, 212 
heating surface supplied by 

pipes of various sizes X, 74 
heating systems, relative cost 

of X, 14 

heat loss, factors for calculat- 
ing for other than 
southern exposure X, 25 

heat losses in B.t.u. per square 
foot of surface per hour, 
southern exposure X, 24 

heat units emitted from radi- 
ators and coils X, 165 
hoist stresses in Fink truss II, 231 
illumination, required intensity 

of IX, 255 

indirect radiating surface sup- 
plied for pipes of various 
sizes X, 101 

ingredients in one cubic yard of 

concrete IV, 70 

installation, typical residence IX, 249 
knife switches, approved spac- 
ing for IX, 172 
lacing bars II, 82 
Lambert hoisting engines, sizes 

of IV, 316 

lateral resistance nails V, 409 

hght sources, intrinsic bright- 
ness of IX, 241 
load data for segmental arch 

problem IV, 448, 449 

loop bars II, 68 

lumens from light sources IX, 254 
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lumens for tungsten lamps IX, 254 
mains, sizes of, for different 

condition X, 131 

maximum crane reaction II, 292 

maximum run and number of 

burners for gas pipes X, 341 
maximum shear, values of II, 359 
melting point of some metals IX, 201 
mild steel columns, data for II, 401-405 
minimum staggers II, 60 

moduli of rupture II, 378 

modulus of elasticity of some 

grades of concrete IV, 200 

moment of diagrams II, 359 

moments of inertia II, 358 

Moore tube light, data on IX, 214 
mortar per cubic yard of ma- 
sonry IV, 111 
multiples to compute measure- 
ments of regular poly- 
gons, the side of poly- 
gon being unity VI, 127 
multiple length allowance II, 26 
nitrogen-filled tungsten lamps 
for one-pipe risers, ca- 
pacities of X, 172 
percentage of water for stand- 
ard mortars IV, 3S 
photometric units IX, 293 
physical properties of some 

building stones IV, 16 

pin material allowance II, 27 

pipe sizes for radiator con- 
nections X, 76 
pipe sizes from boiler to main 

header X, 77 

pipes, proper distance to screw 

into fittings X, 19S 

Portland cement mortars con- 
taining two parts river 
sand to one part cement, 
colors given to IV, 366 

pressure of water in pounds 

per square inch X, 274 

properties of standard I-beams II, 376 
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proportions of cement, sand, 
and stone in actual 
structures IV, 67 

quantities of brick and mortar IV, 114 
quartz tube lamps, data on IX, 212 
radiating surface on different 
floors supplied by pipes 
of different sizes X, 121 

radiating surface supplied by 
pipes of various sizes, 
indirect hot-water sys- 
tem X, 126 
radiating surface supplied by 

steam risers X, 75 

radiation capacities of expan- 
sion tanks X, 211 
• radii of gyration II, 358 
radii of gyration of angles placed 

back to back II, 259 

Ransome steam engines, di- 
mensions for IV, 313 
ratio of offset to thickness for 
footings of various kinds 
of masonry IV, 130 
reflecting power, relative IX, 243 
registers, sizes of for different 

sizes of pipes X, 43 

required width of beam, allow- 
ing 2|xd, for spacing, 
center to center, and 2 
inches clear on each 
side IV, 233 

return, blow-off, and feed 

pipes, sizes of X, 78 

rivet data II, 54 

rivet spacing II, 55 

roofing, standing seam IX, 340 

rubber insulation, thickness of IX, 162 
safe column loads V, 407 

safe form loads V, 405 

safe load for round cast-iron 

columns III, 241 

safe load on Bethlehem col- 
umns III, 208-221 
safe load on channel col- 
umns III, 221-227 
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section moduli 11, 358 
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data for IV, 441 

shear diagrams II, 359 

single length allowance II, 24 

solid wood columns of differ- 
ent kinds of timber, 
strength of IV, 349 

spacing of trusses II, 225 

spacing values II, 59 

specifications for 6X7 hemp- 
center wire standing 
rope V, 301 

specifications for 6X19 hemp- 
center wire hoisting 
rope V, 300 

standard chains, specifications 

for V, 297 

standard sizes of expanded 

metal IV, 93 

steam pipes, sizes of return for X, 76 
street lamps, horizontal dis- 
tribution for IX, 243 
stress records II, 173, 198 
stress record of truss bent 

under wind load II, 237 

supply connections for indirect 

radiators, sizes of X, 173 

supply mains, gravity return 

system X, 172 

surface covered per gallon of 

paint II, 269 

temperature of steam at va- 
rious pressures X, 174 
tensil tests of concrete IV, 89 
tin plate data IX, 341 
tungsten-filament street-rail- 
way lamps, characteris- 
tics of IX, 268 
tungsten lamp data IX, 196 
two-pipe risers, capacities of X, 173 
typical electric cranes II, 293 
typical loadings, reactions and 
bending moments for 

III, 104, 105 
unit strength of cement V, 423 
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unit stresses in compression III, 206 
unit stresses in compression 

in colunms III. 202-205 

value of j for various values of 
n and p (straight-line 
formulas) IV, 

value of k for various values 
of n and p (straight- 
line formulas) IV, 
value of p for various values 

of (s-i-c) and n IV, 

values of quantities used in 
equations (62), (63), 
etc. IV, 

voussoir arches, first, second, 
and third conditions of 
loading for IV, 

warm-air pipe dimensions X, 
washers, O.G. II, 

washers, standard cut II, 

weights and areas of square 

and round* bars IV, 

weight and strength of manila 

and sisal ropes V, 

wind pressure at various veloc- 
ities II, 
wires, carrying capacity of IX, 
working loads on floor slabs, 
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Temperature stresses 
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Temple of Minerva 

Tenon-and-tusk joint 
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ment (continued) 
voltmeter method IX, 
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dinmiers IX, 
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general specifications IX, 
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special lighting circuits and 

stage effects IX, 

stage pockets IX, 

Thermograde system of steam 
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Thermostats 
Tholos at Epidauros 
Thumb tacks 
Tie rods 
Tight cesspool 
Tiles 
Tiling 

floors, preparation of 
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Timber 
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Timber beams, design of 
Timber characteristics 
Tin roofs 
Tinted papers 
Tongs 

Tongue-and-grooved splice 
Torsional stress 
Tower derrick 
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Track structures 
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